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CHAPTER I
INTRODUCTION
Methods in education have probably been the source
of more controversial talk and less study than any other
important problem. It is the introduction of the scien-
tific method of investigation in education that gives
promise of some definite answers based on conclusive ex-
perimental data.
As soon as good instruments are devised for measur-
ing growth toward desired objectives, significant and
valid investigations can be carried on.
Many educators recognize at least greater potential
value in the more progressive organization of courses.
Proof of greater actual value waits upon experimental
evaluation of procedures.
A good deal of preliminary study is needed to lay
the groundwork for these controlled experiments.
borne teachers have decided to proceed on their own
and develop better teaching procedures and subject organ-
ization. Improvement has come mainly for the more ener-
getic teacher. But even for this teacher who is dis-
satisfied with traditional instructional procedures,
there is very little source material available, upon
which to base an improved method.
Those who have taken the course in the unit method
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under Dr. Roy o. Billett, at Boston University, may
well blanch when they see the huge task that confronts
them, should they want to locate scientific vocabulary
to be stressed in the classroom, they will find that all
oompiled lists are presented in alphabetical order, and
not in topical groups or concept groups which would make
them handy instructional material, should they want to
determine for what principles they should teach, they
will come upon lists presented in order of importance,
rather than a presentation in teaching sequence.
uood, valid, useable, and handy source studies would
greatly facilitate the work of the teacher.
1. Statement of the Problem
The classroom teacher, in searching for principles
of science upon which to base a course in one of the
special sciences, will find several studies to deter-
mine the principles that would be valid in classroom
teaching. The presentation of these principles is more
or less haphazard, or if any attention is given to the
organization, they are listed in order of importance
according to the criteria established.
Assuming, then, that all these lists have been
carefully validated, it is the intention of the writer
to present these lists organized in a good teaching
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sequence, bince the different investigators, through
different methods, have arrived at more or less com-
prehensive lists, it will also be necessary to tele-
scope these principles into a single list, and if nec-
essary, construct new principles that will cover dupli-
cations. The problem, then, is to synthesize a mas-
ter list of principles from all available sources, and
to organize these principles into a logical sequence
or order of presentation in a teaching-learning situa-
tion.
2. Need of the Study
For the many science teachers who are investigating
the possibilities of the unit method of instruction, as
propounded by Dr. Roy 0. Billett in his inspiring
course at Boston University, there is little ground-
work done to serve as the basis for such planning. Once
we accept the difinition of the unit method as * a sys-
tematic way of taking into consideration and applying
with due emphasis, every fundamental educational prin-
ciple which should function in every good teaching-
learning situation** ,1/then we cannot but agree that the
1/ Roy 0. Billett, "The Values of Unit Organization",
Unit Planning in Business Education
,
Fifteenth Yearbook,
1942, Eastern Commercial Teachers Association, p. 23.
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method is sound educational -procedure and not a new fad
or frill.
The organization in the unit method is in terms of
basic skills and concepts which represent units of
growth in ability.
There is a looseness of terminology when it comes
to distinguiding between a concept, a generalization,
and a principle. In educational literature they are
usually treated as synonomous, and in this paper they
shall be treated likewise.
From an analysis of courses of study, Beauchamp l/
concludes that;
w (a) A shift has occurred from the organiza-
tion of courses in terms of topics and subtopics
to organizations around certain major ideas or
concepts. These ideas may be generalizations or
principles of science or important ideas under-
lying the understanding and control of certain
phases of man’ 3 environment.
n (b) A shift has taken place from the topi-
cal method of developing a topic to the problem
method of development. Each problem is focused
on some important idea or generalization of
science
.
M
Earlier in the book he makes the remark that:
"The organization of courses around major
ideas, concepts, principles, laws, understand-
ings, or generalizations presents a distinct
departure from the conventional topical method
of presentation. In • •
•
./this/ type of course
l/ Wilbur L. Beauchamp, Instruction in Science . Bulletin,
1932, no* 17, National survey of Secondary Education,
Monograph no. 22. Washington; United States Office of
Education, p. 62.
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the facts .... are masly the means; that is, they fur-
nish the raw materials from which principles may be
derived or verified. The focus of attention is the
principle; it is this principle and mode of arriving
at the principle which places the student in -posses-
sion of the method of thinking employed by the chem-
ist. This method of organization of courses presup-
poses a list of the important concepts and principles
of each field of science.'1!/
In commenting on the topical method, he states;
"This is, of course, the traditional method of
organizing courses of study and is based on the
traditional conception of learning and of the sub-
ject matter of the curriculum. "2/
He then quotes from the Twenty-sixth Yearbook of
the National Society for the Study of Education: 3/
"In times past, and too largely in present
school practice, the curriculum has been conceived
primarily as fromal subject matter (facts, pro-
cesses, principles), set out to be learned without
adequate relation to life. The pupil has too fre-
quently been required to repeat words, express
ideas which he does not understand, and to accept,
adopt, and use materials which have been furnished
him ready-made and completely organized by the
teacher. Learning was thought of as the ability
to give back upon demand certain phrases and for-
mulas which have been acquired without adequate
understanding of their meaning and content."
Beauchamp then continues: 4
/
1/ Ibid. p. 25-26
2/ Ibid. p. 16
3/ Committee on Curriculum Making, National Society for
the Study of Education, The Foundations of Curriculum-
Making, Twenty-sixth Yearbook, ^art II . Bloomington,
Illinois: 'Public School Publishing Company, p. 17.
1/ Beauchamp, op. cit.. p. 16-17
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"Whi-le employment of the topical method of
organization does not necessarily indicate that
the memorization of subject matter is the most
important aim of the course, the material in-
cluded in the outline places the emphasis upon
the accumulation of details and facts rather
tham upon understanding. •••• The topical or-
ganization in the past has been an outcome of a
type of education in which the accumulation of
facts is set up as the end product to be at-
tained. While it is possible to arrive at an
understanding of the important generalizations
in science by this method, the emphasis on the
accumulation of facts as the major goal would
often secure these generalizations only as by-
products of the course. This conception is in
marked contrast to the viewpoint in which the
facts are regarded as the raw materials with
which one thinks, and are, therefore, means
not ends. The best method /of organiz-
ing course^/ will be that method which educa-
tional science eventually determines to be the
best method for attaining the objectives.’1
Downing follows the same line of reasoning in
his book. Commenting on the teacher's difficulty,
he says:y
"To guide pupils in the acquisition of the
most important scientific knowledge so they may
better control and explain their environment is
one major goal of teaching science. This know-
ledge is usually applied to solving their prob-
lems of control or of explanation only when it
is in the form of principles. Scientific facts,
unless organized to demonstrate or elucidate
principles, are relatively useless. They do not
function in problem-solving; they are soon for-
gotten.”
1/ Jilliot R. Dowing, Introduction to the Teaching of
Science, Chicago: University of Chicago ’’ress, 1934.
p. 49-50
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11 If these things are true — and the more one
ponders them, the more certain they seem — then
the science teacher who wishes to make his instruc-
tion conform to these truths faces a perplexity.
The course of study he must follow is stated in
terms of the materials to be studied rather than
in terms of the principles that the pupils are to
master. The textbooks he must use deal in large
measure with descriptive or factual material and
do not stress principles and their applications to
the solution of real life-problems. In so far as
they do deal with principles, the ones presented
are often not those of most importance in solving
the problems that arise in the life of the average
person.
"It is to be hoped that in due time curricu-
lums will be stated in terms of the outcomes to
be achieved by pupils and not in terms of the ma-
terials to be studied, and that as far as the
knowledge element in science instruction is con-
cerned, the things mastered will be the important
principles— .
"
It seems odd then, that in the face of this trend,
an authoritative body like the National Society for the
Study of Education has not set out to determine just
what principles should be taught in high school science
courses. Clearly there is a need for such a study.
It is hoped that this compilation will serve as a
source of such principles. An organized list is de-
finitely needed for use as reference material in the
planning for the unit method.
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3. Definition of Terms
The term Secondary-School Chemistry and Physics as
used in this study refers to the usual instruction in
chemistry and physics offered in the eleventh and
twelfth years of the senior high school.
In keeping with the studies reported herein, the
term principle follows the definition advanced by M.L.
Robertson in his study. 1/
"1?he term principle refers to a major generaliza-
tion of science that conforms to the following
criteria
:
a. To be a principle a statement must be a
comprehensive generalization.
b. It must be true without exception within
limitations specifically stated.
c. It must be a clear statement of a process
of an interaction.
d. It must be capable of illustration as to
gain conviction.
e. It must not be a part of a larger principle.
f. It must not be a definition.
g. It must not deal with a specific substance
or with a limited group of substances."
For those to whom the terms unit organization and
unit method are 1 vague and mysterious, it would be good
to define and explain the terms at this point. As
Billett says ,2/" . . . . unit organization is the first
1/ M.L. Robertson, "A Basis for the Selection of Course
Content in Elementary Science." Unpublished Doctor's
Dissertation, University of Michigan, 1933. p. 24
2/ Roy 0. Billett, "The Values of Unit Organization",
Unit Planning in Business Education
.
Fifteenth Yearbook,
1942, Eastern Commercial Teachers Association, p. 23.
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9major phase of the unit method, which in turn is a
systematic way of taking into consideration and applying
with due emphasis, every fundamental educational prin-
ciple which should function in every good teaching-
learning cycle.
M
•••• The teacher begins the work of unit
organization with a clear conception of two major
results to be achieved, namely, a verbal statement
of the psychological unit which is to become his
tentative goal, and a preliminary plan for teacher-
pupil activity, by means of which the pupils may be
able to achieve some measure at least of the edu-
cative growth which is the teacher's goal. ”3/
4. Procedure
Various writers and graduate students have studied
high-school and college textbooks, scientific periodi-
cals, and farm journals, or have made analyses of ac-
tivities to determine the principles of science needed
for an understanding of the common experiences of life
or suitable as goals of instruction. It becomes neces-
sary, then, (1) to ferret out these studies, (2) to
collect the lists of principles validated by these in-
vestigators, and (3) to telescope and organize these
principles into a composite list for each of the
special sciences of chemistry and physics.
3/ Ibid., p. 26
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Having located a list, each principle must be
copied onto a 4 by 6 inch card to permit future man-
ipulation in making ur the master list. Each list
will also be copied to show the original position and
these lists will be reproduced in the research chapter.
The cards will be intermixed; each principle being lo-
cated in relation to all the other principles collected.
Duplications will be culled out and near duplications
combined under a larger principle. Then the principles
will be grouped under classifications that appear most
appropriate
•
It must be admitted here that any such organiza-
tion is purely subjective. Educational literature
yields no guide to the best order or sequence. Tradi-
tional topical organization will be ignored as far as
possible, the main consideration being whether one
principle is explanatory to one following, or follows
logically out of a proceeding generalization.
5 • Summary
As a foundation stone to a more authoritative
listing based on experimentation, and the determina-
tion of the best method of organizing courses for at-
taining the objectives of science instruction through
educational science, it is the purpose of this paper
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to synthesize and organize the subject-matter principles
previously validated by other investigators. In order
to do this, -previous studies culminating in valid lists
of principles must be located, copied, telescoped, and
shuffled into a master list.
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CHAPTER II
RELATED STUDIES
Use of Principles .— Downing points out ttiatii/
"While the number of specific things of a
scientific nature to be done in any community are
exceedingly numerous, the scientific principles
involved in them are relatively few. Only a doz-
en principles underlie the 399 operations in the
care of the automobile. Let the pupil understand
the few simple principles involved in wise food
selection and he will apply them in China as well
as in his home town Principles are nearly
universal; specific problems are local in both
place and time."
Commenting on the lists of principles suggested by
Downing, Billett writes:^/
"....from the quantitative standpoint such
suggestions as those made by Downing must be mod-
ified to conform to local conditions. The local
teacher is in a better position than anyone else
to say (1) where a given class should be expected
to begin with the concepts suggested by such prin-
ciples or generalizations...., and (2) how much
growth each pupil should be expected to make in the
time available. Nevertheless, the teacher should
be prepared to cite the objective evidence on
which he has based his judgment.
"Erom the qualitative standpoint such sug-
gestions as those made by Downing are universal
in application. Efforts to state such principles
or generalizations are efforts to set up teacher’
s
1/Elliot R. Downing, Introduction to the Teaching of Science .
Chicago: The University of Chicago Press, 1934. p. 9.
,2/Roy 0. Billett, Fundamentals of Secondary-School Teaching .
Cambridge, Mass.: The Riverside Press, 1940. p. 272.
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objectives in terms of the educative growth of
the pupils.”
Teaching the principles .— Is memorization sufficient
or is application to be stressed? Downing stresses dril ii/
in problem solving, for:
"It has been shown by experimental studies, ....
that it is not enough to teach principles so that
pupils are merely able to write them on paper in
answer to the customary examination questions. There
is little correlation between ability to state a
principle of science and ability to apply it to prob-
lem solutions. To insure the latter there should be
much drill in problem solving."
The idea to be gathered from this is that the prin-
ciple is presented to the child in the wording of the
teacher, after which drill in problem solving begins to
"fix" the principles in the mind of the pupil. Billett
has a slightly different idea:*^
"Commenting on efforts to set up the objectives
of a science course in terms of principles or gen-
eralizations suitably delimited, one writer on the
teaching of science says: "Children are not inter-
ested in such big concepts." The comment reveals
a fundamental misunderstanding of the proper use
of such "big concepts". They are the teacher’s
goals. They are recognizable advances in educative
growth to be made by the pupils. They are clues
to the experiential sequence by means of which the
necessary meanings and insights will be developed.
The child grows toward these "big concepts." In-
terest in such a course is not a direct relation-
ship between the pupil and the experiences provid-
ed in the unit assignment, out of which the neces-
sary elements of growth emerge. To confront the
1/ Downing, op. cit., p. 9.
2/ Billett, op. cit., p. 273.
. r y . ... .
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child immediately with the principle or gener-
alization which represents the teacher 1 s goal
would be to violate every principle of good
teaching— to give the child no recourse save
rote memory."
1. Sources of Chemical Principles
Principles from two sources were available for this
study. The lists and suggestions in published books and
periodicals provided a few principles, but the unpub-
lished studies of graduate students at different col-
leges and universities throughout the country were more
helpful and yielded more detailed lists.
In 1930, Sites ^/conducted an investigation for the
purpose of determining the chemical principles, concepts,
and terms used in science magazines, assuming that the
individual probably needs to know these to read such
magazines intelligently. He first obtained a list of
principles of chemistry from a class analysis of three
high-school textbooks, supplemented by other principles
obtained from his analysis of three college textbooks,
one each in general chemistry, organic chemistry, and in -
termediate chemistry. He then read all the issues of
three magazines for the period of January 1925 to June
1929. The magazines read were Popular Science Monthly
,
1/ John T. Sites, "Chemical Principles, Concepts, and
Technical Terms Used in Science Magazines." Masters
thesis (unpublished)
,
University of Chicago, 1930. 97p.
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Scientific American
,
and Scientific Monthly . As the ar-
ticles were read, a record was kept for each signifying
what principles were necessary to enable one to under-
stand the article. It was found that several principles
prominent in chemistry textbooks were absent in the analy-
sis, and also that several other well-known principles
appeared low in the list. The recommendation is made
however that the principles of low frequency as determined
by the analysis of the magazines should be retained in
the chemistry curriculum, since such principles can con-
tribute in large measure toward a better understanding
of principles that have a greater practical value.
Among those absent in the study were Avogadro* s theory,
Dalton 1 s law of mixtures, Faraday's law, Henry's law,
the principle of LeChatelier, and the theory of solution.
The study furnishes a list of forty-eight principles
needed to read the science periodicals with under-
standing.
The Committee on the Teaching of Science, in the
Thirty-first Yearbook of the National Society for the
Study of Education, stated a list of illustrative prin-
ciples for science in general, and special lists for
the special sciences, in a separate presentation. —
/
1/ Ralph K. Watkins, for the committee on the Teaching of Science,
National society for the Study of Education, A Program for
Teaching Science, Thirty-first Yearbook, 1932, Part I* p. 250-
251, 260.
.! : 'o
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On page 260 are eleven principles taken from the master
list and grouped under the special science of Chemistiy .
However, the committee "recognizes that the list is in-
complete and the statements are in need of further re-
finement." A pattern for the organization of the cur-
riculum about principles, using the unit plan of organ-
ization, was suggested.
Downing offers fifteen very general concepts in
chemistry, but this list in itself would be quite in-
adequate.—Ale reviews the studies of nuser (1927) and
Lucas (1928). The former analyzed the chemistry mate-
rials in several years’ issues of farm journals to
find what principles of chemistry were needed to read
these publications with complete understanding. Lucas
made an analysis of current chemistry textbooks in
secondary schools in an effort to determine what space
was devoted to a discussion of principles, and problems
involving their application.
Pruitt —^made an exhaustive study of the avail-
able lists of subject-matter concepts and generaliza-
tions in chemistry for his doctor’s dissertation in 1965.
1/ Downing, op. cit., p. 39-45.
_2/ Clarence Martin Pruitt, "An Analysis, Evaluation,
and Synthesis of Subject-Matter Concepts and General-
izations in Chemistry." Doctor’s Dissertation, Teach-
ers college, Columbia University, 1935. 176 p.
..
.
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His synthesis is the most comprehensive list avail-
able, containing 135 principles of chemistry. How-
ever this list is probably too detailed and too long
to serve as suitable objectives for a course in sec-
ondary-school chemistry.
Edward James ^in the same year compiled a list
of fifty-four principles of chemistry. From this
list forty-five were selected as suitable goals of
instruction in high-school chemistry by twenty-three
specialists. James used the thirty-nine stated
principles of chemistry listed by Robertson —^to
select content materials and activities from twelve
college-level textbooks in chemistry. He reviewed
the studies of Downing, Sites, and Moore, but appar-
ently did not use their results to build his list.
1/ Edward W. James, "The Principles of chemistry for
Secondary Science Instruction. Master's thesis
{ unpublished ) , Colorado State college of Education,
Greeley, Colorado, 1935. 81 p.
Zj M. L. Robertson, "A Basis for the Selection of cours
content in Elementary Science." Unpublished Doctor’s
Dissertation, University of Michigan, 1933. 197 p.
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2. The Lists of Chemical Principles Used
The forty-eight principles of Sites:
1. Chemical changes. The material forming one or
more substances, without ceasing to exist, may
he changed into one or more new and entirely
different substances.
2. Oxidation-reduction. During a chemical reaction
an element may lose some of its planetary elec-
trons and become oxidized (gain positive valence)
,
v/hile some other element present will combine
with the electrons given up by the first ele-
ment, and be reduced (gain negative valence).
(a) Simple oxidation. The element, oxygen, com-
bines with a large number of other elements,
forming oxides and liberating energy; the
speed of the reaction varies according to
the temperature and the activity of the
elements
.
3. Properties. Every pure sample of any substance,
whether simple or compound, under the same con-
ditions has a specific set of physical properties
and a specific set of chemical properties govern-
ing its reactions with other substances.
—'John T. Sites, "Chemical Principles, Concepts, and
Technical Terms Used in Science Magazines." Master’s
thesis (unpublished) University of Chicago, 1930,
.L
L
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4. Atomic theory. Elements are made up of small
independent particles called atoms which are
alike in the same element hut different in other
elements and these atoms are indivisible by
chemical means.
5. Electron theory. Atoms of all elements are made
up of equal members of positive and negative
electrons, arranged so as to form a nucleus con-
sisting of all the positive and most of the negi -
tive electrons, and of an outside shell or shells
consisting of the remaining negative electrons
arranged in planetary orbits.
6. Radio activity. The atoms of all radioactive
elements are constantly disintegrating by giving
off various rays (alpha, beta, and gamma), and
are slowly changing into isotopesof the element,
or into a different element.
7. Analysis and synthesis. All matter is composed of
single elements or combinations of several elements
and .can be analyzed by chemical processes and
divided into these units; or these units may be
made to combine by chemical processes and form
other desired substances.
8. Organic classification. All organic compounds can
be divided into two large divisions called the
**
.
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aliphatic and the aromatic series, because the
carbon atoms unite with one another in either an
open chain or a closed chain formation.
Each of these two divisions is divided into a
number of type groups which are determined by
the elements present, and by the structural
combinations of the atoms of the molecule.
9.
Catalysis. (a) Many substances, called catalj’-tic
agents, will speed up some chemical reactions by
their presence, (b) Many substances will not re-
act unless a suitable catalytic agent is present,
which aids the action in some way and causes it
to take place.
10. Component substances. All materials can be
described in terms of certain component sub-
stances, each of which has a definite set of
specific properties.
11. Organic nomenclature. The name of every organic
compound is derived from the various type com-
binations of atoms found in the molecule of the
substance
.
12. Molecular theory. All substances are made up of
small particles, called molecules, which are alike
in the same substance but differ in other sub-
stances, and which consist of an atom or group
of atoms
.
13. Spectroscopy. Every element displays a specific
. :
,
'
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spectrum coloration which can be used to
identify the presence of very small quantities
of the el ement
.
14. Organic substitution. Organic compounds are, as
a rule, less stable than the inorganic compounds,
and therefore, substitutions of one element or
group of elements for another in the molecule can
be accomplished fairly easily; or, in organic com-
pounds, an atom or group of atoms in the molecule,
may be displaced by another atom or group of atoms.
15. Combination. The molecules or atoms of some sub-
stances, simple and compound, have the ability to
unite directly with the molecules or atoms of some
other substance and thus form a new substance.
16. Inorganic nomenclature. All inorganic compounds
can be placed within three general groups of sub-
stances, acids, bases, and salts, because of a
similarity of molecular structure and of chemical
properties exhibited by each group. There may be
\
more or less of overlapping between the groups.
17. Energy changes. It is characteristic of chemical
phenomena that, besides a change in the nature of
the matter, there is always an alteration in the
amount of internal energy in the system which in-
volves the production of internal energy from, or
the transformation of internal energy into some
.- •
.
.
.
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other form of energjr.
18. Chemical affinity. Every element has a force,
called chemical affinity, the strength of which
varies according to the element, and which enables
the element to combine with or displace other ele-
ments during a chemical reaction.
19. Decomposition. Some compound substances have the
ability, under certain conditions, to decompose
and form two or more different subst -nces.
50. Electrolysis, '.''hen an electric current is passed
/
through a solution containing an electrolyte, the
current is carried through the solution by the
anions and cations to the anode and cathode, where
the ions lose their electric charges and are set
free, thus causing a decomposition to take place.
51. Constant composition. Every sample of any com-
pound substance, formed or decomposed, is always
found to contain the same constituent elements
in the same proportions by weight
.
SS. Life, The phenomena of life is directly related
to chemical change, so that whereever living pro-
cesses are being carried on, chemical changes are
taking place.
S3. Periodic law. The physical and chemical proper-
ties, such as melting point, relative activity,

23
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solubility of salts, depth of color, metalic
or nonmetalic
,
etc., of the elements are
functions of their atomic weights; and most
of these properties are periodic functions of
their atomic weights; and most of these
properties are periodic functions of their
number.
24. Change of state. By varying the temperature
and pressure, practically every substance can
be changed from one state to another.
25. Conservation of energy. The amount of energy
lost by one system of bodies always equals the
amount of energy gained by another.
26. Ionization theory. Acids, bases, and salts
dissociate in aqueous solution into atoms or
groups of atoms called ions, which carry elec-
tric charges, and v/hich causes an almost im-
mediate reaction between such substances in
solution .
.
27. Size of particle. The speed of a reaction, in
general, varies directly as the size of the
reacting
.
particles . .
28. Conservation of matter. The total mass of a
quantity of matter is not altered by any chemi-
cal changes occuring among the materials com-
posing it..
.'
1
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29. Polymerization. The molecules of some substances
have the ability to unite and form a molecule of
a different substance.
550. Charles T lav/. If a constant mass of gas is kept
under constant pressure while the temperature is
changed, the volumes are directly proportional to
the absolute .temperatures
.
31. Organic solubility. The majority of organic com-
pounds require special solvents, and the few that
are soluble in water do not ionize.
32. Displacement. All elements have the power to dis-
place from compounds other elements that have a
weaker chemical affinity.
33. Boiling point and pressure. The boiling point of
a liquid varies according to the pressure exerted
upon it .
.
34. influence of heating. In every chemical change..,
raising the temperature hastens the process.
35. Boyle’s law. At a constant temperature the volume
of a fixed mass of gas is inversely proportional
to the pressure.
36. Kindling temperature. Every oxidizable substance
has a kindling temperature at which combustion
begins.
-.
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37. Light. Light, especial^ sunlight
,
causes some
chemical changes to take place..
38. Combining weights. If the weights of elements
which combine with each other be called their
"combining weights", then elements always com-
bine either in the ratio of their combining
v/eights or of simple multiples of these weights.
39. Multiple proportions. When an element combines
with another element to form two or more differ-
ent compounds, the masses of one element that
unite with a fixed mass of the other element are
proportional to small whole numbers.
40. Neutralization. When an acid and a base come to-
gether, the acid-hydrogen of the acid and the hy-
droxyl of the base have a tendency to unite and
form water, thus causing the mixture to lose its
acidic and basic properties.
41. Constant heat formation (Hess) . The amount of
heat generated by a chemical reaction is the same
whether the reaction takes place in one step or in
several steps; or, all chemfcal reactions 'which
start with the same final substances, liberate the
same amounts of heat, irrespective of the process
by which the final state is reached.
42. Inertness. A few elements ar-e inert or chemically
..
.
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inactive because their atoms are so constructed
as to be complete in themselves, that is, their
outer electron ring is complete and there are no
vacancies for other electrons.
43. Carbon valence and affinity. Because the carbon
atom usually has a valence of four, and has the
ability to combine with other carbon atoms by
single, double, or triple bonds, as well as to
combine with atoms of other elements, its com-
pounds are theoretically innumerable.
44. Reacting gas volumes. (Gay-Lussac). If the vol-
umes of gases used or produced in a chemical re-
action are measured under the same conditions,
these volumes are proportional to small .whole
numbers .
.
45. Metathesis, "lien two compounds, each of which is
composed of positive and negative radicals, are
brought together in solution, there is a tendency
for the positive radical of the one to unite with
the negative radical of the other, thus forming
two new substances.
46. Kinetic theory. The molecules of all substances
are at all times moving with respect to one
another.
47. Converse of heating. As the temperature of any
substance decreases, the molecular motion and

chemical activity decrease until both supposedly
disappear at the absolute zero..
48. Mass action. If the other factors affecting the
speed of a chemical reaction are constant, the
speed of the reaction is directly proportional
to the molecular concentrations of the substances
reacting.
The eleven principles proposed by the Committee on the
Teaching of Science of the National Socieby for the
Study of Education :.l/
1. The sun is the chief source of energy for the
earth.
2. Matter and energy cannot be created or destroyed,
but may be changed from one form to another.
3. Chemical and physical changes are manifestations
of energy changes.
4. There are less than one hundred chemical elements.
5. Every substance is one of the following: (a) a
chemical element, (b) a chemical compound, (c) a
physical mixture.
IT Committee on the Teaching of Science, National
Societi'- for the Study of Education, A Frogram for
Teaching Science
,
Thirty-First Yearbook, 1932,
Part I
.
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6. The properties of the different elements depend
upon the number and arrangement of the electrons
and of the protons contained in their atoms.
7. All matter is probably electrical in structure.
8. The kinetic energy of the molecules determines
the physical states of matter.
9. Chemical changes are accompanied by energjr
changes
.
10. Electricity is a form of energy that results from
disturbing the position of the regular paths of
electrons
.
11. In a chemical change a quantitative relationship
exists between the amounts of substances reacting
and the amounts of the substances that are the
products of the reaction.
The fifteen principles presented by Downing:]./
1. Atoms of all elements are made up of equal numbers
of positive and negative electrons arranged so as
to form a nucleus consisting of all the positive
and most of the negative electrons and of an out-
side shell or "shells” consisting of the remaining
negative electrons in planetorv orbits.
IT Elliot R. Downing, Introduction to the Teaching of
Science.
*.
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2 . The atoms of all radioactive elements are con-
stantly disintegrating by giving off various rays
(alpha, beta, and gamma) and are changing thereby/-
into isotopes of the element or into different
elements
.
3. The molecules of nearly all substances are com-
posed of atoms (atomic theory) of relatively few
elements which in a chemical change separate and
recombine so as to produce new substances with
different properties.
4. Principles required in naming organic compounds.
5. Since every element when incandescent gives off
light of definite wavelengths which differ from
those of other elements, therefore, small quan-
tities of the element may be detected by means
of the spectroscope.
6. Principles required in naming inorganic compounds.
7
. During a chemical reaction an element may lose
i
some of its planetary electrons and so gain posi-
tive valence or become oxidized, while some other
element will combine with these electrons and gain
negative valence or be reduced. The most frequent
ly recurring reaction of this sort is the union of
oxygen with a variety of other elements to form
...
•.
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m
oxides with the liberation of energy as heat. Such
union takes place only at a definite temperature
known as the "kindling point"
.
8. When an electric current is passed through a solu-
tion containing an electrolyte, the current is
carried through the solution by the anions and ca-
tions to the anode and cathode where the ions lose
their electric charges and are set free, thus caus-
ing a decomposition to take place.
9
. Every substance has a definite chemical composition
since its molecules are each composed of the same
sorts of atoms similarly arranged. The several
elements which unite to form it, if a compound,
combine in the proportion of their atomic weights
or of some multiple thereof. Such substances may
be analyzed by chemical processes to find their
composition or often may be synthesized from simp-
ler substances or from their elements.
10.
The periodic law. When the chemical elements are
arranged in sequence in the order of their increas-
ing atomic weights, arranging them in groups of
eight, No. 9 placed under No. 1, No. 17 under No.
9, etc., many properties of the elements seem to be
a function of their position in this periodic table.
Those elements in the same column manifest family
-
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likenesses. Calling those in the left-hand
column of the table group 0, those in the
next column 1, etc., then the elements in
group 0 are inert, those in groups 1, 2, and
3 are positive, those in groups 5, 6, and 7
are negative, while those in group 4 behave
sometimes as positives, sometimes as nega-
tives. Elements in group 1 have a valence
of 1, in group 2 have a valence of 2, and so
on up to group 4. The elements of groups 5,
6, and 7 usually manifest valences of 3, 2,
and 1, respectively, although at times (as
when combining with oxygen, for instance) the
valences are 5, 6, and 7, respectively. The
metals are more vigorously metalic
,
the non-
metals less emphatically non-metalic as they
occur farther down the columns. The melting
point of the elements decreases down each
column but the boiling point increases.
11. The rate of chemical change is increased by
the presence of a catalyzer, by increase in
the surface exposed by the reacting substances,
by increased temperature and at times by light.
12 • Every element displays an attraction for other
elements (except certain inert ones whose outer
.t
.
.
,
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shells are complete) the strength of which varies
with the element. By virtue of this the element
combines with others or displaces others in com-
pounds. This force is known as valence.
13. Acids, bases, and salts dissociate in aqueous
solution into atoms or groups of atoms called
’’ions" which carry electric charges and which
cause an almost immediate reaction between such
substances when in solution.
14. Energy can be neither created or destroyed; it
ma3r be transformed from one sort to another. When
a chemical change occurs, there is either absorp-
tion of energy to produce it or liberation of en-
ergy usually in the form of heat (exothermic re-
action)
. The heat libeiEbed in any given reaction
is constant whether that reaction takes place in
one or several steps. The energy of life-processes
is largely produced by chemical action.
15. When an acid and a base come together, the hydro-
gen of the acid and rhe hydroxyl of the base have
a tendency to unite to form water, thus causing the
mixture to lose its acidic and basic properties
since it is the free H and OH ions that cause these
propertie s
.
-.
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d . The forty-five major and subsidiary principles vali-
dated by James :l/
I. Atoms of all elements are made up of negative and
positive electricity; the difference between atoms
of different elements are due to the number of
protons and electrons in the nucleus and to the
peculiarity of the shell of electrons surrounding
the nucleus.
1. With the exception of chromium, molybdenum,
tungsten, and manganese, atoms with few elec-
trons in the outer circle are metals; those
with aight or nearly eight electrons are non-
metals .
2. Elements are made up of small particles of
matter called atoms which are chemically alike
in the same element but different in other ele-
ments .
3. All matter is composed of single elements or
combinations of several elements and can be an-
alyzed by chemical processes and divided into
these units.
17 Edward W. James, "The Principles of Chemistry
for Secondary Science Instruction."
.f
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A few elements are inert or chemically in-
active because their atoms are so construct-
ed as to be complete in themselves, i.e.,
their outer electron ring is complete and
there are no vacancies for other electrons.
5. The valence of atoms is associated with a
loss, gain or sharing of electrons.
6. The properties of the elements are a periodic
function of their atomic number.
7. Every chemical element when heated to incan-
descence in a gaseous state has a character-
istic glow and a characteristic spectrum which
can be used to identify even very small quan-
tities of the element, and which in addition
to the temperature, is related to the molecular
and atomic structure of the gas.
II. The phenomena of life involve chemical change, so
that wherever living processes are being carried on
chemical changes are taking place; chemical change
may proceed without involving life, however.
III. When any two metals are placed in an electrolyte,
they constitute a cell.
IV. The material forming one or more substances, with-
out ceasing to exist, may be changed into one or
more new and measurably different substances.
-t
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. Elements or compounds may combine to form
other substances.
2. The same reactants in chemical changes will
always produce the same products under the
same conditions.
V. The rates of chemical changes are determined by
the nature of the interacting substances and the
conditions of concentration, catalysis, tem-
perature, pressure, state of division, amount of
radiation absorbed, and the nature of the solvent.
1. Radiant energy and solution in water are ac-
tive in aiding chemical change or in its ac-
celeration.
2. The rates of many reactions are affected by
the presence of substances which do not enter
obviously into the completed chemical reactions.
3. Simple ionic reactions are typically rapid
reactions
.
VI. Elements show valuing chemical affinity in their
interactions with other elements because of the
differences in the structure of their atoms.
\
1. Under ordinary conditions the element with
stronger affinity will displace one with a
weaker affinity.
VII. The speed of chemical reaction is increased by
..
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IX.
A •
XI.
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increasing the concentration of active mass of
any of the reagents; and is decreased by de-
creasing the concentration of active mass of
any of the reagents.
1. Chemical reasctions may be carried more
nearly to completion by any condition that
established an unusually low concentration
of one of the products.
The average composition by weight of the con-
stituent elements of a pure chemical substance
never varies.
At a definite temperature and pressure, gases
always unite in a definite ratio by volume and
this ratio may be expressed in small whole
numbers
.
The solubility of a gas in an inert solvent at
l
a given temperature, varies practically direct-
ly with the pressure to which the gas is sub-
jected.
Electrolytes dissolved in water dissociate
partially or completely into uncombined positive
and negatively charged particles called ions.
1. In electrolysis, the positive ions are
attracted to the cathode or negative elec-
trode; the negative ions move to the anode
..
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or positive electrode, where the ions may "be
discharged to form other substances.
2. In electrolysis, the quantity of chemical
action produced at each electrode by the
passage of electricity varies directly with
the quantity of electricity and is dependent
upon that alone.
3. In electrolysis and battery reactions, oxid-
ation occurs at the anode and reduction at
the cathode.
XII. If stress is applied to a reversible system in
equilibrium, there will be a readjustment in the
system tending to relieve this stress-.
XIII. Salts of strong acids and strong bases undergo
slight hydrolysis while salts of weak acids and
weak bases undergo more marked hydrolysis.
XIV. When different amounts of one elements are found
in combination with a fixed weight of another ele-
ment (in a series of compounds) the different
amounts of the first element are related to each
other by ratios which may be expressed in small
whole numbers.
XV. Oxidation always involves the removal or sharing
of electrons from the element oxidized while the
,
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reduction always adds or shares with the ele-
ment reduced.
XVI. Every pure sample of any substance, whether simple
or compound, under the same conditions will show
the same physical properties and the same chemical
behavior.
1. A pure chemical substance may be prepared from
raw materials through applications of their
physical and chemical properties.
XVII. The atoms of all radio active elements are con-
stantly disintegrating by giving off various ray
(alpha, beta, gamma) and forming helium and other
elements
.
XVIII. No chemical change occurs without an accompanying
energy change.
1. Reactions occuring at ordinary temperatures
are predominantly exothermic; reactions re-
quiring high temperatures are predominantly
endothermic
.
2. All chemical reactions which start with the
same quantities of original substances, and
end with the same final substances, liberate
the same amounts of heat or energy in other
forms, irrespective of the process by which the
final state is reached.
..
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XIX. Any substance soluble in two immiscible liquids
will distribute itself between the two in pro-
portion to its solubility in the two liquids.
XX. All substances are made up of small particles
called molecules, which are alike in the same
substance but different in other substances.
XXI. '"any substances can be made to exist in more than
one structural form, all forms having the same
chemical composition but differing from one an-
other in their properties.
XXII. Molar weights of non-volatile non-electrolytes
when dissolved in a definite weight of a given
solvent, under the same conditions, lower the
solvent 1 s freezing point, elevate its boiling
point, reduce its vapor pressure, and elevate
I
its osmotic pressure equally for all such
solutes.
XXIII. The properties of organic substances depend
upon the number and nature of the atoms in the
molecule, the linkages between the atoms, and
the arrangement of the atoms in space.
XXIV. All organic substances contain carbon ana when
decomposed by heat they leave a carbon-like
residue
.
-.
-
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XXV. The importance of any substance to the chemical
processes which take place in the animal organ-
ism is independent of the relative amount in
which it is required,
e. The list synthesized by Pruitt;^/
1. 1 'latter is composed of the atoms and molecules
of elements and compounds, ions, electrons, and
protons
.
2. Substances have specific physical and chemical
properties by which they may be identified.
3. Every pure sample of any compound or element
under similar conditions exhibits the same
physical properties and chemical behavior.
4. Chemical reactions may be initiated or affect-
ed, or both, by: heat, light, pressure,
catalysts, concentration, the electric current,
surface exposed, bacteria, hydrogen-ion con-
centration, and mechanical disturbances.
5. Elements and compounds produce physiological
effects to which the cells of living organisms
react specifically.
6. All matter may change its physical state by
absorbing or releasing energy.
IT Clarence M. Pruitt; "An Analysis* Evaluation,
and Synthesis of Sub j ect -I.latter Concepts and
Generalizations in Chemistry."
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7. The relative velocity of molecules and their
tendency to cohere determine the physical state
of a substance.
8. Metals comprise a group of elements (other than
hydrogen) whose atoms have a tendency to lost
electrons readily and whose compounds when dis-
solved in polar solvents are capable of forming
positive ions.
9. Atoms of the same element have similar proper-
ties but have different properties from the
atoms of other elements.
i
10. Molecules of the same element or same compound
are alike but are different from the molecules
of other elements and compounds.
11. A given compound, whatever its origin, always
contains the same elements in the same pro-
portion by weight.
12. Enzymes, vitamins, and hormones are chemical
regulators of the reactions that occur in liv-
ing organisms.
13. The properties of alloys are dependent upon the
relative amounts of their constituents and upon
the crystalline structure of the particles.
..
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14. Acids and bases are substances which in water
solution ionize to give hydrogen or hydroxyl
ions respectively, from their constituent ele-
ments .
15. The solubility of solutes is affected by heat,
pressure, and the nature of the solute and the
solvent.
16. The ingredients of a solution are homogeneous-
ly distributed through each other.
17. The exchange of the negative and positive ions
of acids and bases results in the formation of
water and a salt.
18. When elements combine with each other, a sub-
stance is formed having properties almost en-
tirely different from those their constituents
had as elementary substances.
19. In a mixture, there is an intermingling of two
or more substances with no fixed percentage
composition and each ingredient retains its
essential original properties.
20. The atoms of a given element are unvarying in
average mass but are different in average mass
from the atoms of all other elements.
21. Carbon atoms have the unique property of being
able to form chain-molecules and ring-molecul®s
.
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22. Oxidation and reduction occur simultaneously
and are quantitatively equal.
23. Oxidation involves the removal of electrons
which increases the active valence of a posi-
tive element or decreases the active valence
of a negative element, whereas reduction is
the converse.
24. Every molecule of a given substance always
contains the same number of the same kinds
of atoms.
25. Carbon atoms form a number of- "type-groups”
of compounds which are determined by the ele-
ments present and by the structural combin-
ations of the atoms within the molecule.
26. Electrolytes (acids, bases, and salts) when
dissolved in a polar solvent or heated to a
molten state, undergo dissociation into an
equal number of oppositely electrically
charged particles (called ions) capable of
conducting an electric current.
27. An invariable relationship exists between the
weights of the atoms of all of the elements,
and between these weights and the weights of
all the molecules which these atoms form.
,.
"
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28. Matter is not created or destroyed in ordinary
chemical changes.
29. Energy may he transformed in ordinary chemical
and physical changes, hut it cannot he created
or destroyed.
30. Forms of energy are interchangeable.
31. A quantitative relationship exists between the
weights of the substances that take part in a
chemical change and between the weights of the
substances reacting and the weights of the
products
.
32. Each element, with the exception of those that
are inert, has a definite combining weight.
33. The physical and chemical properties of elements
are periodic functions of their atomic numbers.
34. Ordinary chemical reactions involve either a
transfer or a sharing of the outer electrons of
atoms.
35. The differences between atoms of different ele-
ments are due to the number of electrons and
protons in the nucleus and to the varying num-
ber, of excess electrons in the shells surround-
ing the nucleus.
36. Crystalline structure, heat treatment, and im-
purities affect the properties of metals.
.> -
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57. Pressure affects the boiling point, melting
point, and freezing point of substances.
38. Atoms of radioactive elements are spontaneous-
ly emitting various rays and disintegrating
into atoms of other elements.
39. Chemical reactions are brought about by com-
bination, decomposition, displacement, ex-
change, and molecular rearrangement.
40. Chemical reactions go to completion when one
of the products is a gas, or is insoluble or
non-ionizable
.
41. Chemical changes always involve an accompany-
ing energy change.
42. The tendency of atoms to complete their outer
shell by adding, losing, or sharing electrons
determines their chemical activity.
43. Atoms become ions and ions become atoms, when
^either gains or loses electrons.
44. All 'rases and most liquids and solids expand
with an increase in temperature and contract
with a decrease in t eraperature
45. Gram-molecular weights of non-ionizable sub-
stances or half-gram-molecular weights of
ionizable substances elevate the boiling point
I
and depress the freezing points of solvents
equally.
46. Non-metals comprise a group of el ement s whos e
atoms tend to gain electrons readily and whose
coiripounas
,
when dissolved in polar solvents,
are capable of forming negative ions.
47. Molecules containing carbon atoms have the
property of comining with atoms of other ele-
ments either directly or b3^ substitution.
48. Compression heats gases, resulting in in-
creased molecular motion and pressure.
49. Each element in a state of incandencence hs
its own characteristic spectrum.
50. Molecules are in continual motion which mole-
cular motion results in heat and pressure.
51. Every atom contains an equal number of elec-
trons and protons which have a planetary
system of arrangement within the atom.
52. Electrons and protons are arranged in some
92 patterns, most of which seem to be more
or less distributed throughout space.
53. metals may be arranged in an activity series
according to their tendency to pass into ionic
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form by losing electrons.
54. roon-metals may oe arranged in an activity
aeries according to tneir tendency to pass
into ionic form by gaining electrons.
55. Elements arranged in order of their in-
l
creasing atomic numbers forms themselves
into a table of natural periods and groups
in which the elements of any group have a
close resemblance to each other in their
respective chemical behavior and physical
properties
.
56. Heat increases molecular motion.
57. Each atom has the property of losing,
gaining, or sharing a definite number of
.outer shell electrons.
58. Each shell of an atom contains a definite
number of electrons.
59. Hass of the atom is concentrated in the
nucleus.
60. Atoms with complete outer shells are
chemically inert.
61. Electrons revolve in circular or elliptical
orbits about the nucleus.
The volume of any gas varies inversely as
pressure, if the temperature remains constant.
62 .
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63. The volume of any gas is directly proportion^.
ou one absolute uemperasure
,
i:i line pressure
remains constant.
64. Y/hen chemical changes occur between gases,
there exists a simple '.hole number ratio t> e -
the volumes of the reacting gases and the
volumes of ohe gaseous xroduct.
663. The activity of an acid or a base is pro-
portional to the degree of ionization or the
comp 'una when in solution or in the molten
state
.
66. Equal volumes of all gases under si: ilar
conditions of temperature and pressure cor -
GLiu.li -lie a. tu iram )ee o_ mol* ci—Lc: •
u 7. A gram-molecular weight of all gases under
similar conditions or temperature and
pressure always occupies P‘1.4 liters.
od
. Suspended particles of colloids have a con-
tinue, erratic movement due to colloidal
ana iiioreouicir in laoba.
uVJ. CcrgjoundJ ray have the same number and hit d
of atoms but have different ;>roparties be-
cause of differ^ mt atomic arrangement and
s^aoe rmauiuuS.
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70. Durimg electrolysis, tke electrolyte is
permanently decomposed, the cations moving
to the cathode where they gain electrons and
hecome atoms, and the anions moving to the
anode where they lose electrons and become
atoms
.
71. Positive and negative ions unite to form
molecules
.
72. Each specific ion has a specific test by
which it may be identified.
73. A gram-molecular volume of any gas contains
23
approximately 6.062 X 10 molecules.
74. Chemical changes between electrolytes in
solution take place more readily than do
chemical changes between non-electrolytes in
solution.
75. The weight of gas which a given volume of
inert solvent will dissolve is directly pro-
portional to the pressure.
76. When an element combines with another element
in more. than one proportion, the different
weights of that element which combine with a
fixed weight of the second element, are always
in the ratio of small whole numbers.
«.
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76. When an element combines with another element
in more than one proportion, the different
weights of that element which combine with a
fixed weight of the second element, are always
in the ratio of small whole numbers.
77. The relative rates of diffusion of gases under
i
similar conditions are inversely proportional
to the square roots of the densities of the
gases
.
78. The amount of heat evolved or absorbed in the
formation of a given substance is always the
same, regardless of the rate at which the re-
action proceeds or the number of steps in which
it takes place.
79. In a given chemical reaction, the speed of the
reaction is proportional to the molecular con-
centration of each of the interacting substances.
80. All atoms (except those of hydrogen and helium)
are built up from helium nuclei.
81. Heat, bases, acids and oppositely charged
particles cause colloids to precipitate.
82. In a gas the molecules have free and independent
motion, are relatively far apart, and by virtue
of their great velocity produce equal pressure
in all directions.
••
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83. In a liquid the motion of the molecules is less
rapid than in gases and cohesive forces tend to
hold the molecules closer together.
84. In a solid the motion of the molecules, ions or
atoms is such as to cause them to have a some-
what vibratory motion about mean positions, a
condition which may permit of crystalline
structure.
85. The pressure exerted by each component in a
gaseous mixture is proportional to its con-
centration in the mixture and the total pressure
of the gas is equal to the sum of those of its
components
.
86. Colloids do not diffuse through membranes v/hich
are permeable to molecular or ionic dispersions.
87 . A stream of moving electrons constitutes a current
of electricity.
88. Two unlike metals in an electrolyte so react as
to cause a flow of electrons.
89. Equilibrium exists in a chemical reaction when the
rates of two opposing reactions of a reversible
reaction are equal.
90. In reversible reactions, the products of the
reaction react with each other to form the original
B-ston
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reacting substances.
91. Colloidal particles carry electrical charges.
92. Radioactive changes involve nuclear changes.
93. Molecules of some compounds undergo polymerization.
94. During electrolysis, the amount of substances
removed by deposition on the electrodes or
released as a gas depends on the total quantity
of electricity used.
95. Atoms behave both as particles and as waves.
96. Atoms with incomplete inner shells give color ions.
97. The more electropositive or the more electronega-
tive an element is, the greater the ease with which
it loses or gains electrons.
98. Colloids have the property of absorption to an
unusual degree.
99. Electrons change orbits emitting or absorbing
energy.
100. Orderly arrangement of atoms and ions in crystals
gives crystals regular form.
101. Molecular motion ceases at absolute zero.
102. Heavier atoms may be broken down by bombarding
the nucleus with alpha particles.
103. Atoms have great subatomic energy.
104. Electrons have a magnetic field.
.*
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105. Liquids usually have greater specific heats than
solids
.
106. Some elements have more than one atomic weight
due to difference in the proton content of the
nucleus
.
107. If some stress is brought to bear upon a system
in equilibrium, a change occurs so that the
equilibrium is displaced in a direction which
tends to undo the effect of the stress.
108. Each element has its own characteristic x-ray
spectrum.
109. Elements may be changed into other elements.
110. Matter and energy are interchangeable.
111. Heat of formation and heat of decomposition
are equivalent.
112. The boiling points of hydrocarbons increase
with an increase in molecular weights.
113. Surface reactions predominate in colloidal
reactions
.
114. When the temperature of reacting substances in
equilibrium is raised, the equilibrium point of
the reaction is changed so that those products
which absorb heat are increased in quantity, or
if the temperature of the reacting substances is
*. s.
.
.
.
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115 .
116 .
117 .
118 .
119 .
120 .
121 .
122 .
123.
lowered, the products which evolve heat in
their reaction are increased in amounts.
Salts of strong acids and strong bases undergo
slight hydrolysis while salts of weak acids
and weak bases undergo a more marked hydrolysis.
Molecular structure affects the properties of
molecules
.
Metals with loosely held electrons are good
conductors of electricity and heat.
The nature and relative amount of the solvent,
the presence of other ions, temperature, and
light affect the degree of ionization.
For the same quantity of current, the weight of
metal deposited or of the gas released is equal
to the atomic weight divided by the valence.
For each gas there is a critical temperature and
i
a critical pressure.
Atomic volume is a periodic function of the
atomic weight.
In a saturated solution, the product of the
molar concentrations of the ions is constant.
Whenever the product of the concentrations of
any two ions in a mixture exceeds the value of
ion-product in a saturated solution of the com-
pound formed by their union, this compound will
be precipitated.
.
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124. Whenever the product of the concentrations of
any two ions in a mixture is less than the value
of the ion-product in a saturated solution of the
compound formed by their union, this compound, if
present in the solid fbrm, will he dissolved.
125. Equal amounts of heat raise equal numbers of
atoms of all elements in the solid state through
equal intervals of temperature.
126. The specific heats of elements are inversely
proportional to the magnitudes of the atomic
weights
.
127. If three elements combine together in pairs,
then the quantities of two elements that combine
with a fixed quantity of the other element bear
a simple relation to the quantities of the first
two elements that combine with each other.
128. When a chemical change takes place without the
addition of heat from an external source, that
substance which has the greatest heat of forma-
tion will tend to form.
129. Substances soluble in two or more immiscible
liquids distribute themselves among the liquids
in proportion to their solubilities.
,.
.
i
.
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130. Metals tend to lose electrons readily whereas
non-metals tend to add electrons.
131. Alcohols have the properties of weak acids.
132. Alcohols oxidize to aldehydes, ketones, and
i
acids
.
133. Alcohols react with acids to form esters and
ethers
.
13A. Saturated hydrocarbons are relatively inactive
chemically, but form compounds by substitution.
135. Unsaturated hydrocarbons are very active
chemically and form many compounds by addition
and substitution
..
.
.
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3. Sources of Principles of Physics.
The principles in published rorm again were
meager in furnishing lists suitable far inclusion
in this study. The Committee on the Teaching of
Science, National Society for the Study of Education,
offered seventeen illustrative principles of physics,
several of which are duplications of those in the
chemistry list. —
^
In 1929, Downing published a correlation of
four studies made at the University of Chicago. He
took the independent studies of coon,—^Harris
4j 5/Watson, and Widner,— and selected from them thirty-
two principles of physics which appeared in two or
more of the studies. These studies included analyses
of objective materials from farm journals, trade jour-
nals, and the activities of housewives. The purpose
1/ Ralph K. Watkins, op. cit., p. 250-251.
2/ Beulah I. Coon, Suggestions for Content and Methods for
Courses in Science Related to the Home . Washington, D.C.:
Federal Board of Vocational Education, Misc. 837, Rev., 1926.
3/ E.A. Harris, "The Knowledge of Physics Necessary to Read
Popular Scientific Magazines." Master T s thesis (unpublished).
University of Chicago, 1927.
4/ R.A. Watson, "An Analytical Study of References to Physics
Tn Agricultural Publications." Master 1 s thesis (unpublished),
University of Chicago, 1928.
5/ Samuel R. Widner, "The Knowledge of Physical Princjp les
Needed to Read Farm Journals Intelligently." Master's^
thesis (unpublished), University of Chicago, 1928.
*‘
<
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of the synthesis was to determine the most important
principles of physics and their relative importance with
respect to the material analyzed. This list of prin-
ciples, somewhat refined and extended by the addi-
tion of data from analyses by Schrieter, Richards,
and others, appears in Downing's text, An Introduc -
tion to the Teaching of Science .—^ Therefore, only
the later study was included in this compilation.
Brown ^/gives us a source of twenty-five "under-
standings” in electricity and magnetism as based on
one-hundred items of information that were found to
be needed by a sampling of one-hundred people. With
the help of specialists in the field of electricity,
he formulated a list of items considered pertinent to
everyday experience. This list was then checked by a
sampling of people in Noble County in Oklahoma; the
number of people in each occupation who were inter-
viewed being in direct proportion to the number of
people in the state who were employed in that occu-
pation. From the results he arrives at his twenty-
five generalizations.
1/ Downing, op. cit., p. 41-45.
2/ Kenneth Brown, "A Study of the Understandings in tbe
Field of Electricity and Magnetism That are Needed to
Interpret the Common Experiences of Life.” Masters
thesis (unpublished), Colorado State College of Education,
1937. 76 p.
..
' '
.
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Robertson 1 s list —^forms the basis of another
2 /
study. Edwards —'took the 138 major and subsidiary
^ principles of physics contained in Robertson* s list
as the nucleus about which to build a more extensive
composite list of the principles of physics. The en-
richment of the basic number was accomplished through
a study of five college physics textbooks. Thirty-
seven statements were added after which the list was
refined and cut to 145 principles. Eorty-three in-
structors actively engaged in teaching high-school
p physics evaluated the list in terms of goals of in-
struction, and twenty of the list were finally select-
ed as suitable for goals of instruction in a course
in high-school physics.
1
1/ Robertson, op. cit.
P 2/ Elmo W. Edwards, "The Selection of Principles Suitable
as coals of Instruction in High School Physics."
Master's thesis (unpublished), Colorado State College
of Education, 1935. 106 p.
..
I
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The Principles of Physics Used.
a. The principles proposed by the Committee on the
Teaching of Science, National Society for the
Study of Education: 1/
1. The sun is the chief source of energy for
the earth.
2. Matter and energy cannot be created or
destroyed, but may be changed from one
form to another.
3. Units of time are defined by the earth's
movements in relation to the sun.
4. Distances in space seem incredibly great
when compared to distances on earth.
5. Chemical and physical changes are mani-
festations of energy changes.
6. Sound is caused by waves which are produced
by a vibrating substance and which can affect
the auditory nerve of the ear.
7. Gravitation is the attractive force which
influences or governs the movements of bodies.
i/ Committee on the Teaching of Science, National
Society for the Study of Education, A Program for
Teaching Science
.
Thirty-First Yearbook
. 1932,
Part I 4 p. 250-251
o
.,
.
.
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8. Machines are devices for accomplishing useful
transformations of energy.
9* Any machine, no matter how complicated, may
he analyzed into a few simple types.
10. All matter is probably electrical in structure.
11. The kinetic energy of the molecules determines
the physical states of matter.
12. The gravitational attraction between the earth
and a mass of unconfined gas or liquid causes
the pressure of that gas or liquid.
13. Liquid or gas pressure is exerted equally in
all directions.
14. Chemical changes are accompanied by energy
changes
.
15. A change in the rate of motion, or direction
of motion of an object requires the appli-
cation of an external force.
16. Radiant energy travels in straight lines
through media of uniform density.
17. Electricity is a. form of energy that results
from disturbing the position or the regular
paths of electrons.
•• i v
•
o.
,
•
«
.
'
*
b. The fifty principles listed by Downing:!/
1. The law of conservation of energy.-- Energy
can be neither created nor destroyed; it can
be changed from one form to another with
exact equivalence.
Corollary.-- The energy put into a machine
must equal the work obtained from it (concept
of horsepower) . Work is measured by the
weight times the distance moved.
Numbers 2-7 follow as corollaries.
2. The law of the lever.-- The power times the
power arm equals the weight times the weight
arm.
3. The law of the wheel and axle.— The power
times the radius of a wheel equals the weight
times the radius of the axle.
4. The law of gears.— The power times the number
of teeth of the power wheel equals the weight
times the number of teeth of the weight wheel.
5. The law of inclined plane.-- Weight times the
length of the inclined plane equals the power
i
times the height of the plane.
1/ Elliot R. Downing, Introduction to the Teaching
of Science
, p. 39-45.
t
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6. The law of the screw.-- The power times the
circumference of the screw equals the resistance
times the pitch of the screw.
7. The law of the pulley.-- The power times the
number of ropes running through the movable
pulley equals the weight.
8. Gravity pressure.-- Pressure in a fluid in the
open is the weight of the fluid above the point
at which the pressure is taken. It therefore
varies as the depth and density of the liquid.
It is transmitted equally in all directions.
9» Friction.— Sliding friction is proportional
to the mass (weight) and independent of the
area of the surface. Rolling friction is
inversely proportional to the hardness and
smoothness of the surfaces in contact (hence
the desirability of lubrication).
10. Solids are liquefied and liquids made into
gases by heat, and the amount of heat used
in the process is specific for each substance
but equals that given off in the reverse process.
.
11. Boyle's law.-- The volume of a gas varies
inversely as the pressure to which it is
subjected, other conditions being constant.
'-
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12. Pascal's law.-- Pressure applied to an inclosed
fluid is transmitted equally in all directions
and is exerted perpendicularly to the inclosing
surface
.
13 • Heat may be transferred by radiation, conduction,
or convection. The rate increases with the
difference in temperature between the heated
body and the receiving body. In conduction the
I
rate depends also on the character of the con-
ducting oody. In convection the rate is less
rapid the greater the viscosity of the circulating
fluid. The intensity of the heat is inversely
proportional to the distance to its source.
14. When an electric conductor is moved so as to cut
the lines of force of a magnetic field, an elec-
tric current is induced to flow through the
conductor in such a direction that its magnetic
field opposes the motion of the magnet that
induced it. The electromotive force developed
is proportional to the number of lines cut per
second.
15. Ohms lav/.-- The strength of an electric current
varies directly as the electromotive force that
produced it and inversely as the resistance.
16. The angle of incidence of light equals the angle
of reflection
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17. Hooke’s lay;.-- The distortion of an elastic
body is proportional to the force applied.
18. A body at rest or in motion tends to remain
at rest or to continue in motion in a straight
line until some force acts upon it.
19* Most bodies expand on heating and contract
on cooling. The amount of expansion is
directly proportional to the increase in
absolute temperature.
20. The law of parallel forces.-- The resultant of
forces acting in opposite directions along the
same line is a force equal to their difference,
acting along the same line in the direction of
the greater. The resultant of tv/o forces acting
along the same line in the same directions is
equal to their sum and is in the direction of
the forces.
21. Lav; of non-parallel forces.-- When two forces
act upon the same object, the resultant is the
diagonal of a parallelogram whose sides represent
the direction and magnitude of the two forces.
A single force represented by the diagonal may
be decomposed into two forces represented by the
sides of the parallelogram.
22. The intensity of illumination decreases as the square
'of the distance from the source of the light.
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23. Unlike magnetic poles attract, like repel, each
other. The force varies directly as the magnetic
strength, inversely as the square of the distance
between the poles.
24. The free surface of a liquid contracts to the
least possible area producing surface tension.
If the 'adhesion of a liquid to a solid is greater
than the surface tension of the liquid, the liquid
wets the solid, and in tubes of the latter the
liquid will rise. The smaller the bore the higher
it rises.
25* The heat produced by an electric current is directly
proportional to the square of the current, to the
resistance, and to the time of flow.
26. Light passing from an optically dense medium is
bent away from the perpendicular to the surface
at the point of entry. The sine of the angle of
incidence and the sine of the angle of refraction
bear a constant ratio for any substance as
compared with air, which ratio is called the
"index of refraction".
27. Light travels in straight lines in a medium of
uniform optical density.
28. A body is in a state of equilibrium when the
algebraic sum of the forces acting upon it is zero.
.
.
.
.
.
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29. A body is stable if its center lies above its base.
30. The rate of osmosis is directly proportional to
the difference in concentration on opposite sides
of the membrane.
31. The higher the pitch of a note, the more rapid the
vibrations of the producing body. Frequency of
the vibration of a string is inversely as its
length, radius, and the square root of its density,
and directly as the square root of the stretching
force
.
32. The resistance of an electric conductor is directly
proportional to its length and inversely propor-
tional to the area of its cross-section. It
increases as its temperature rises except in the
case of carbon and electrolytes.
33* Condenser circuits are in resonance when of the
same oscillation frequency.
34. Condenser capacity varies directly with the area
of the plates, inversely as the square of the
thickness of the insulation plates.
35« The electric current in a battery runs from the
negative to the positive pole; outside the
battery from the positive to the negative.
36. In batteries the voltage varies with the material
a
and internal resistance. It varies directly as the
distance of the plates and inversely as their area.
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37. Every pure liquid has its own specific "boiling
point and freezing point. The former is raised
by increase of pressure of the superincumbent
gas and by crystalloids in solution. The latter
is raised by increased pressure and lowered by
crystalloids in solution.
38. The amount of substance dissolved depends on the
nature of the substance, of the solvent, and
increases with increasing temperature of the
solution.
39 . The rate of vaporization decreases with the
increase of concentration of the vapor in the
gas in contact with the liquid.
40 . E of primary coil _ No. of turns of primary coil
E of secondary coil No. of turns of sec. coil
41. Centrifugal force is proportional to speed.
42. Acceleration.— The speed of a body at constant
acceleration is equal to the product of the
acceleration and the time.
43* Watts equals amperes times volts.
44. Speed of gas diffusion is in proportion to
density of the gases.
45. Reaction.-- For every action there is an equal
and opposite reaction.
•46. Lenz ' s law.— Whenever a current is induced
in a conductor by passing it through a field
i,
.
c
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of force, the direction of the induced current
is such that the lines of force generated by it
around the conductor will oppose the motion that
induces the current.
47. In sound reflection the angle of incidence
equals the angle of reflection.
%
43. Gravitation.-- Every body in the universe
attracts every other body with a force which
is directly proportional to the attracting
masses and inversely proportional to the square
of the distance between their centers of mass.
49* Charles's law.-- The volume of a gas remaining
constant, the pressure is directly proportional
to the absolute temperature.
50. The intensity of sound varies inversely as the
square of the distance from the source.
c. The twenty-five "understandings" in Electricity and
Magnetism offered by Brown:1/
1. Electrons will flow along a conductor if there is
a difference of potential and energy is released.
2. An electric current may be produced in the following
ways: (1) by friction, (2) by cutting lines of
force, (3) by chemical action.
1/ Kenneth Brown, "A Study of the Understandings in the Field
of Electricity and Magnetism that are Needed to Interpret
the Common Experiences of Life." Master's Thesis
(unpublished)
,
Colorado State College of Education,
Greeley, Colorado, 1937.
..
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3« Like electrical charges repel and unlike
electrical charges attract.
4. All matter offers resistance to the flow of
electrons.
5. A gas may lose its insulating properties when
under low pressure or high voltage, or when
ionized.
6. Certain crystals and vacuum tubes will serve
as rectifiers or detectors of electrical
oscillations
.
7* The relative number of turns of wire in the
primary and the secondary coils determine the
voltage of the transformer.
8. The natural composition of radio active elements
is not influenced by artificial physical con-
ditions .
9* Energy may appear to travel in waves.
10. Radiant energy travels through space in all
directions
.
11. Electrical power depends upon the electromotive
force and current.
12. The current in. a wire is directly proportional
to the electromotive force and inversely
proportional to the resistance.
13. The capacity of a condenser depends upon the
..
.
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area of the plates and the nature of the
dielectric and the distance between them.
14. Like magnetic poles repel each other and
unlike poles attract each other.
15 • The force of the magnetic attraction or
repulsion between magnetic poles depends on
the strength of the poles and the distance
by which they are separated.
16. The force of attraction or repulsion of two
charges depends on the product of the two
charges and the distance between them.
17. A magnetic field is produced around any
stream of moving electrons.
18. The strength of the magnetic field produced
around a conductor varies directly as the
current flowing in the conductor.
19. Whenever a number of magnetic lines of force
are cut by a conductor, an electric current
is produced.
20. The electromotive force depends on the number
of magnetic lines (of force) that are cut per
unit time.
21. The direction of an induced current always
produces a magnetic field which opposes the
established magnetic field.
..
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22. Thermal electromotive force depends on the
difference in temperature of the plates and
\
the material of which they are made.
23. The length, cross section and material are
factors determining the resistance of an
electrical conductor.
24. The amount of heat produced in an electrical
conductor depends on the resistance of the
conductor, current, and time of flow.
25. The electrical and magnetic properties of a
substance depend in part upon its atomic
structure
.
d. The comprehensive list formulated by Edwards:!/
I. One point is in motion with respect to another
point if the straight line joining the two
points is changing in length or direction.
II. The speed of a body moving in a straight line
with constant acceleration is equal to the
product of the acceleration and the time,
the body starting from rest.
1/ Elmo W. Edwards, "The Selection of Principles Suitable
as Goals of Instruction in High School Physics."
Master’s Thesis (unpublished), Colorado State College
of Education, Greeley, Colorado, 1935*
..
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III. Whenever any material surface slides over another
surface, there is always friction (resistance to
motion), which always results in the transformation
of energy and in the wearing away of some of each
surface
.
1. At a given speed sliding friction is propor-
tional to the normal pressure and is inde-
pendent of the area of the surfaces in contact.
2. Rolling friction is inversely proportional
to the hardness and smoothness of the surfaces
in contact.
IV. In a simple machine, if there is no friction,
force times distance equals weight times distance
and the relative speeds of motion of the force
and the weight are in direct proportion to the
relative distances through which they are moved.
V. Natural processes tend to increase entropy and
thereby to decrease the availability of the
total energy in the universe.
VI. Matter and energy may be transformed, but they
cannot be created or destroyed. Energy can be
changed from one form to another with exact
equivalence
.
..
.
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1. The work obtained from a machine never
exceeds the work put into it.
2. Work is measured by the acting force times
the distance moved in the direction of the
force
.
3. In the lever, the force times its distance
from the fulcrum equals the weight times
its distance from the fulcrum; friction
neglected.
4. The. force times the radius of the wheel
equals the weight times the radius of the
axle; friction neglected.
5. In geared wheels, the force times the number
of teeth in the power wheel equals the weight
times the number of teeth in the weight wheel;
friction neglected.
6. In the inclined plane, the weight times the
height of the plane equals the acting force
times the length of the plane, providing the
force acts parallel to the plane; friction
neglected.
7* In a jackscrew, the force times the distance
it acts in one revolution of the screw equals
the load times the pitch; friction neglected.
..
.
.
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8. In a combination of pulleys, the force times
the number of ropes supporting the movable
pulley equals the resistance moved; friction
neglected.
9. The weight of all substances resulting from
combustion is exactly equal to the weight
of the original substances plus the weight
of oxygen, or other material that has
combined with them.
10. The amount of heat developed in doing work
is proportional to the amount of mechanical
energy converted into heat energy.
11. When light rays are absorbed, some of the
light energy is transformed into heat energy.
12. An electric current may be produced in the
following ways: by rubbing or friction,
chemical action, the use of magnets, the
conversion of heat, or by electromagnetic
radiations.
13. The total mass of a quantity of matter is not
altered by any chemical changes occuring among
the materials composing it.
VII. Within the limits of elasticity, the distortion of
an elastic body is proportional to the force applied.
*:
.
•
t
•
m
t
.
.
76
1. As long as the amount of deformation is not
too great, an elastic body will always return
to its original size and shape after the
forces causing deformation have been removed.
VIII. Any force acting upon a free body produces its
effect independent of all other forms which may
be present in conjunction with it.
IX. When two mechanical forces act upon the same
object, the resultant may be represented by the
diagonal of a parallelogram whose sides represent
the direction and magnitude of the two forces.
1. The resultant of any two forces acting in
the same line but in opposite directions is
equal to their difference, and is in the
direction of the greater force.
2. The resultant of any two forces acting in
the same direction is equal to their sums
and is in the direction of the forces.
X. When a body is acted upon by a force, the change
in momentum of the body is proportional to the
force and the time it acts.
XI. Movements of all bodies in the solar system are
controlled by gravitational attractions.
..
.
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1. Each planet moves in such a way that its
radius vector sweeps over equal areas in
equal times.
2. Any body of liquid, because of the force
of gravity, will seek a position in which
all surfaces lie on the same horizontal
plane
.
XII. Any two bodies in the universe attract each
other with a force directly proportional to
the product of their masses and inversely
proportional to the square of the distance
between their centers of mass.
1. Periods of pendulums swinging through short
arcs are independent of the mass of the
pendulum, inversely proportional to the
square root of the acceleration due to
gravity, and are directly proportional
to the square root of their respective
lengths
•
XIII. All bodies fall with an acceleration due to
gravity, which is independent of the mass
or size of the body; air resistance neglected.
1. The distance traveled by a falling body is
equal to the average velocity times the
time of fall
••
•
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XIV.
XV.
XVI.
XVII.
XVIII.
XIX.
To every action there is an equal and opposite
reaction.
A body at rest or in uniform motion will remain
at rest or continue in motion in a straight line
unless some external force acts upon it.
1. A body in rotation always tends to fly out
in a straight line which is tangent to the
arc of rotation.
2. The amount of momentum possessed by an object
depends upon its weight and speed of motion.
3. A spinning body offers resistance to any
. force which tends to change the direction
of the axis about which the body rotates.
All matter may change its state by absorbing or
releasing energy.
Any gas, in order to be liquified must be at
or below a given temperature, characteristic
of the gas in question.
The higher the temperature of the air, the greater
the amount of moisture required for saturation.
The vapor pressure of a liquid is constant at
any given temperature, and increases with the
temperature
.
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XX. The rate of vaporization decreases with the
increase of concentration of the vapor in the
gas in contact with the liquid; the temperature
remaining constant.
XXI. The average speed of the molecules of a given
material increases with temperature.
XXII. The principal cause of wind and weather changes
is the unequal heating of different portions of
the earth's surface by the sun; thus all winds
are convection currents caused by unequal heating
of different portions of the earth's atmosphere,
and they blow from places of high atmospheric
pressure to places of low atmospheric pressure.
1. Bodies of land heat up and cool off more
readily than bodies of water.
2. Air has a tendency to move from a region of
higher pressure to one of lower pressure;
the greater the difference, the faster the
movement.
3. Due to the rotation of the earth, in the
northern hemisphere all winds are deflected
to the right, and in the southern hemisphere
they are deflected to the left.
XXIII. In moving air the wind pressure is proportional
to the square of the velocity.
..
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XXIV
XXV.
XXVI.
XXVII.
XXVIII.
XXIX.
XXX.
Air pressure decreases with an increase in
water vapor content, or with an increase in
temperature
.
If the adhesion of a liquid to a solid is greater
than the surface tension of the liquid, the
liquid wets the solid, and in tubes of the
latter, the liquid will rise; at any given
temperature the rise being inversely propor-
tional to the bore of the tube.
Within a given fluid the pressure increases
as the depth increases.
1. The atmospheric pressure decreases as the
altitude increases.
A body immersed or floating in a fluid is buoyed
up by a force equal to the weight of the fluid
displaced.
When pressure is applied to any area of a liquid
in a closed container, it is transmitted in
exactly the same amount to every equal area of
the container in contact with the liquid.
The pressure at a point in a fluid is the same
in all directions.
The volume of an ideal gas varies inversely with
the pressure upon it, providing the temperature
remains constant
.•
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XXXI.
XXXII.
XXXIII.
XXXIV.
XXXV.
s
If the same pressure is maintained, the volume
of a gas is varied directly as the absolute
temperature
.
Fluids have no elastic limit for compression.
1. All liquids are compressible, but only to
a slight degree.
A liquid boils at a given temperature if the
pressure of its vapor at that temperature
balances the pressure to which the liquid is
subjected.
1. The boiling point of any solution becomes
lower as the pressure is decreased and
higher as the pressure is increased.
Any substance that will dissolve in water will
cause the resulting solution to boil at a
higher temperature and to freeze at a lower
temperature than pure water.
1. Freezing point depression and boiling point
elevation are proportional to the concentration
of the solution.
The boiling point of any pure liquid is raised
and the freezing point is lowered by an increase
in pressure of the superincumbent gas.
1. Substances which expand upon solidifying have
their melting points lowered by pressure; those
which contract upon solidifying have their
melting points raised by pressure.
,* «
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XXXVI.
XXXVII.
XXXVIII.
XXXIX.
XL.
XLI •
XLII.
XLI I I
.
Solubility varies directly with the pressure;
i. e., with gases, the solubility of which is
not large, the weight of the gas dissolved by
the liquid is proportional to the partial
pressure.
When a mixture of gases is confined, each exerts
its own pressure without reference to the
pressure exerted by others.
Diffusible substances tend to scatter from the
point of greatest concentration and to make all
points of equal concentration.
The speed of diffusion of gases varies directly
with the velocities of the molecules and inversely
with the square roots of the densities.
The rate of osmosis is directly proportional
to the difference in concentration on opposite
sides of the membrane.
Compressing a gas increases its pressure.
Pressure exerted by a confined gas always
increases with the temperature and vice versa.
1. Heat is liberated when a gas is compressed,
and is absorbed when a gas expands.
A gas always tends to expand throughout the
whole space available.
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XLIV.
XLV •
XLVI.
XLVII.
XLVI II.
XLIX.
1 .
In a pipe of varying section the velocity of
flow is inversely proportional to the area of
the cross section.
1. In a constricted area, the pressure decreases
as the velocity of flow increases.
Certain forms of energy travel in waves.
1. Radiant energy travels through space in all
i
directions undiminished.
Waves travel in straight lines while passing
through a uniform medium.
1. Light travels in straight lines in a medium
of uniform density.
When waves strike an object, any one or more of
the following may happen to them, -- they may be
absorbed, transmitted, or reflected.
Whenever an opaque object intercepts rays of
radiant energy, a shadow is cast behind the
object.
i
Dark, rough, or unpolished surfaces absorb or
radiate energy more rapidly than light, smooth,
or polished surfaces.
1. The darker a surface is, the better it
absorbs light.
C-ood absorbers of energy are good radiators,
poor absorbers are poor radiators.
while
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LI. As heat tends to equalize temperatures of all
places and objects with which it comes in contact,
there is a continuous transfer of heat between
bodies of different temperatures.
1. The rate of heat transference increases
with the difference in temperature between
the heated body and the receiving body.
2. In convection the rate of transfer is less
rapid the greater the viscosity of the
circulating fluid.
LII. The amount of heat which a body acquires when
its temperature rises a given amount is iden-
tical with the amount it gives off when its
temperature falls by the same amount.
LIII. The rate at which a perfect radiator emits
radiant energy is proportional to the fourth
power of its absolute temperature.
LIV. When waves pass obliquely from a rare to a
denser medium, they are bent or refracted
toward the normal; and when they pass
obliquely from a dense to a rarer medium,
they are bent away from the normal.
1. The sine of the angle of incidence and the
sine of the angle of refraction bear a
constant ratio for any substance, which
ratio is called the index of refraction.
.•
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2. The sum of the reciprocals of the conjugate
focal lengths, (object distance plus image
distance) of a lens equals the reciprocal
of the principal focal length.
3* Light rays may be brought nearer together,
converged or focused, by convex lenses;
diverged by concave lenses.
4. The size of an image produced by a lens is
to the size of the object as their respec-
tive distances from the lens.
5. The curvature of a wave front will be
changed a given amount by a lens, namely 1/f.
6. Ordinary light is made up of waves of many
different wave lengths, and each one is bent
or refracted to a different degree on passing
through a prism, so that the various colors
of which light is composed are spread out
in a band of colors known as the spectrum,
the red being the least refracted, the violet,
the most.
LV. ’/Then matter or energy is reflected, the angle of
incidence is equal to the angle of reflection.
1. All rays passing through the center of curva-
ture of a mirror are reflected upon themselves.
..
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2. The angle of incidence of light equals the
angle of reflection.
3. In sound, the angle of
.
incidence equals
the angle of reflection.
4. An image appears to he as far hack of a
plane mirror as the object is in front of
the mirror; it is the same size as the
object hut reversed.
5. If a beam of light falls upon an irregular
surface, the rays of light are scattered
in all directions.
LVI. The more nearly normal the rays of radiant
energy, the greater will he the number that
will fall upon a given area and the greater
will he the energy received by that p rea.
LVII. The intensity of wave energy received by an
object is inversely proportional to the square
of its distance from the source of emanation.
1. The intensity of heat or light received by
any area is inversely proportional to the
square of the distance to its source.
2. The intensity of sound varies inversely
as the square of the distance from the
source
.
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LVIII. Sound is produced by vibrating matter and is
transmitted by matter.
1. Harmonious musical intervals correspond
to very simple vibration ratios.
l
2. The velocity of sound in a gas varies
inversely as the square root of the
density and directly as the square root
of the elasticity of the gas in which it
is transmitted, pressure and temperature
remaining constant.
3. The higher the pitch of a note, the more
rapid the vibrations of the producing body.
4. When a sounding body and the observer are
moving farther apart, the pitch is apparently
lowered; when they are approaching the pitch
is raised.
5. The intensity of sound for a given pitch
varies directly as the square of the amplitude
of the vibrating source; density of the medium
remaining constant.
6. Musical tones are produced when a vibrating
body sends out regular vibrations to the
ear, while only noises are produced when
the vibrating body sends out irregular
vibrations to the ear.
.-
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LIX.
LX.
LXI
.
7. The frequency of the vibration of a string
varies inversely as its length, inversely
as the square root of its mass per unit
length, and directly as the square root
of the tension.
Like magnetic poles always repel each other
and unlike magnetic poles always attract each
other.
1. The force of attraction or repulsion between
two magnetic poles varies directly as the
pole strengths and inversely as the square
of the distance between the poles.
Like electrical charges repel and unlike elec-
trical charges attract.
1. The force of attraction or repulsion
between two charges varies directly as
the product of the two charges and inversely
as the square of the distance between the
charges
.
An electrical charge in motion produces a
magnetic field about the conductor, its
direction being the same as any circle drawn
about the conductor in a plane perpendicular
to it
.,
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1. The strength of the magnetic field produced
varies directly with the current flowing in
the conductor.
LXII. Whenever, from any cause, the number of magnetic
lines of force passing through a closed conductor
is changed, an electric current is produced while
the change is in progress.
1. The magnitude of the electromotive force
induced in any circuit at a given instant
is proportional to the rate at which the
number of magnetic lines of force passing
through the circuit is being changed.
2. The direction of the induced current is
always such that it produces a magnetic
field which opposes the motion or change
which induces the current.
LXIII* Thermal electromotive force depends only on
the difference in temperature between the
junctions, and the materials of which the
junctions are made.
LXIV. All materials offer some resistance to the
flow of electric current.
1. The resistance of an electric conductor
is directly proportional to the length
and inversely proportional to the area
of its cross section.
.<
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LXV •
LXVI.
LXVII.
LXVI II.
LXIX.
LXX.
LXXI •
2. The amount of heat produced in an electric
conductor is proportional to the resistance,
the square of the current, and the time of
the flow.
Electrical power is directly proportional to the
product of the electromotive force and current.
The electrical current flowing in a conductor
is directly proportional to the electromotive
force and inversely proportional to the resistance.
In a transformer the ratios between the voltages
in the primary and secondary is the same as that
between the number of turns.
The mass of any substance set free by electrolysis
is proportional to the current flowing, the time
of flow, and the electrochemical equivalent.
Electron tubes, or crystals possessing a sufficient
degree of unidirectional conductivity will serve
as rectifiers of alternating current or detectors
of high frequency oscillations.
Radioactivity is independent of all physical
conditions.
The spectrum of a gas or vapor rendered luminous
consists of separate bright lines, which corres-
pond to separate wave lengths, the intervening
wave lengths being entirely absent.
’'
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LXXII.
LXXIII.
LXXIV
•
LXXV
.
1. The spectra of no two vapors are alike
and the presence of a gas can readily he
detected by the spectroscope.
Under the same conditions of temperature and
pressure equal volumes of all gases contain
equal numbers of molecules.
Any gas will lose its insulating property
when spanned by sufficiently high voltage
or when ionized.
Condenser capacity varies directly with the
area of the plates, and inversely as the
thickness of the insulation between them.
1. The charge on a condenser is proportional
to the difference in potential between the
opposing surfaces.
Electrons will always flow from one point
along a conductor to another, under a dif-
ference of potential, and this transfer
releases energy.
•.
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5. Summary
Investigations of this nature were carried out
in the main under the supervision of Elliot R. Down-
ing at the University of Chicago, and more recently
under the direction of M.L. Robertson at the Colorado
State College of Education. These studies furnish
validated lists of principles of physics and chemistry
suitable for use as objectives of instruction. The
next step is to cull out the duplications and syn-
thesize a composite list from the individual studies.
,. . !
.
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CHAPTER III
ORGANIZED PRESENTATION
1. The Master List of Chemical Principles.
I. Principles dealing with the Conservation of Matter
and Energy.
1. The sun is the chief source of energy for the
earth. (1) ^
2. Matter is composed of the atoms and molecules
of elements and compounds, ions, electrons,
and protons. (4)
3* Matter is not created or destroyed in ordinary
chemical changes. (4)
4. Conservation of matter. The total mass of a
quantity of matter is not altered by any
chemical changes occuring among the materials
composing it. (5)
5. Energy may be transformed in ordinary chemical
and physical changes, but it cannot be created
or destroyed. (4)
6. Chemical and physical changes are manifestations
of energy changes. (1)
7. Energy changes. It is characteristic of chemical
phenomena that, besides a change in the nature of
the matter, there is always an alteration in the
amount of internal energy in the system which
1/ For key to code of source, see page 142.
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involves the production of internal energy from,
or the transformation of internal energy into
some other form of energy. (2) (1) (3) (5)
8. Conservation of energy. The amount of energy
lost by one system of bodies always equals the
amount of energy gained by another. (5)
9. Electricity is a form of energy that results
from disturbing the position of the regular
paths of electrons. (1)
10. Matter and energy are interchangeable. (4)
11. Forms of energy are interchangeable. (4)
II. The principles concerned with the Analysis of Matter.
1. Molecular theory. All substances are made up of
small particles, called molecules, which are
alike in the same substance but differ in other
substances, and which consist of an atom or
group of atoms. (3) (4) (5)
2. Every molecule of a given substance always
contains the same number of the same kinds
of atoms. (4)
3. Molecular structure affects the properties of
molecules. (4)
. Molecules of some compounds undergo polymeriza-
tion. (4)
4
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5» Molecules are in continual motion which molecular
motion results in heat and pressure. (4) (5)
6. Heat increases molecular motion. (4)
7* Converse of heating. As the temperature of any
substance decreases, the molecular motion and
chemical activity decrease until both supposedly
disappear at the absolute zero. (4) (5)
8. Atomic theory. Elements are made up of small
independent particles called atoms which are
alike in the same element but different in
other elements and these atoms are indivisible
by chemical means. (3) (4) (5)
9. The molecules of nearly all substances are
composed of atoms (atomic theory) of relatively
few elements which in a chemical change separate
and recombine so as to produce new substances
with different properties. (2)
10. An invariable relationship exists between the
weights of the atoms of all of the elements, and
between these weights and the weights of all the
molecules which these atoms form. (4)
11. All atoms (except those of hydrogen and helium)
are built up from helium nuclei. (4)
12. Mass of the atom is concentrated in the nucleus. (4)
..
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13* All matter is probably electrical in structure, (1)
14. Electron theory. Atons of all elements are made
up of equal members of positive and negative
electrons, arranged so as to form a nucleus con-
sisting of all the positive and most of the nega-
tive electrons, and of an outside shell or shells
consisting of the remaining negative electrons
arranged in planetary orbits. (2) (4) (5)
15« Each atom has the property of losing, gaining, or
sharing a definite number of outer shell electrons .( 4)
16. Each shell of an atom contains a definite number
of electrons. (4)
17* The more electropositive or the more electro-
negative an element is, the greater the ease
with which it loses or gains electrons. (4)
18. Electrons revolve in circular or elliptical
orbits about the nucleus. (4)
19. Electrons change orbits emitting or absorbing
energy. (4)
20. Electrons have a magnetic field. (4)
21. A few elements are inert or chemically inactive
because their atoms are so constructed as to be
complete in themselves; i. e., their outer elec-
tron ring is complete and there are no vacancies
for other electrons. (3) (4) (5)
.*:§'
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22. Elements may be changed into other elements. (4)
23. Atoms behave both as particles and as waves. (4)
24. Radio activity. The atoms of all radioactive
elements are constantly disintegrating by giving
off various rays (alpha, beta, and gamma), and
are slowly changing into isotopes of the element,
or into a different element. (3) (4) ( 5 )
25 • Atoms have great subatomic energy. (4)
26. Radioactive changes involve nuclear changes. (4)
27* Heavier atoms may be broken down by bombarding
the nucleus with alpha particles. (4)
28. Electrons and protons are arranged in some 92
patterns, most of which seem to be more or less
distributed throughout space. ( 1 ) (4)
29. The differences between atoms of different
elements are due to the number of electrons
and protons in the nucleus and to the varying
number of excess electrons in the shells sur-
rounding the nucleus. ( 1 ) (3) (4)
30. The atoms of a given element are unvarying in
average mass but are different in average mass
from the atoms of all other elements. (4)
31* Equal amounts of heat raise equal numbers of
atoms of all elements in the solid state through
equal intervals of temperature. (4)
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32. The physical and chemical properties of elements
are periodic functions of their atomic numbers. (4)
33 • Feriodic law. The physical and chemical proper-
ties, such as melting point, relative activity,
solubility of salts, depth of color, metalic or
nonmetalic, etc., of the elements are functions
of their atomic weights; and most of these proper-
ties are periodic functions of their atomic num-
*
bers. (2) (4) (5)
34. Atomic volume is a periodic function of the
atomic weight. (4)
35* Some elements have more than one atomic weight
due to difference in the proton content of the
nucleus. (4)
36. The specific heats of elements are inversely
proportional to the magnitudes of the atomic
weights. (4)
37 • Every chemical element when heated to incan-
descence in a gaseous state has a character-
istic glow and a characteristic spectrum which
can be used to identify even very small quan-
tities of the element, and which in addition
to the temperature, is related to the molecu-
lar and atomic structure of the gas. (2) (3) (4) (5)
..
'
.
.
,
,
,
,
.
,
.
.
.
t
*
%
99
*
%
%
%
38. Each element has its own characteristic x-ray
spectrum. (4)
III. Principles explaining the Properties and States of
Matter.
1. The Three States of matter; solid, liquid, and
gaseous
.
2. Properties. Every pure sample of any substance,
whether simple or compound, under the same con-
ditions has a specific set of physical proper-
ties and a specific set of chemical properties
governing its reactions with other substances. (3) (4) (5)
3. Component substances. All materials can be
described in terms of certain component sub-
stances, each of which has a definite set of
specific properties. (5)
4. Every substance is one of the following} (a) a
chemical element, (b) a chemical compound, (c) a
physical mixture. (l)
5. In a mixture, there is an intermingling of two
or more substances with no fixed percentage
composition and each ingredient retains its
essential original properties. (4)
6. A given compound, whatever its origin, always
contains the same elements in the same pro-
portion by weight. (4)
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7. Every pure sample of any compound or element
under similar conditions exhibits the same
physical properties and chemical behavior. (4)
8. Compounds may have the same number and kind
of atoms but have different properties be-
cause of different atomic arrangement and
space relations. (4)
9. Change of state. By varying the temperature
and pressure, practically every substance can
be changed from one state to another. (5)
10. Pressure affects the boiling point, melting
point, and freezing point of substances. (4)
11. All matter may change its physical state by
absorbing or releasing energy. (4)
12. Many substances can be made to exist in more
than one structural form, all forms having
the same chemical composition but differing
from one another in their properties. (3)
13* The kinetic energy of the molecules determines
the physical states of matter. (1)
14. The relative velocity of molecules and their
tendency to cohere determine the physical state
of a substance. (4)
15. In a solid the motion of the molecules, ions
or atoms is such as to cause them to have a
somewhat vibratory motion about mean positions,
.-
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a condition which may permit of crystalline
structure, (4)
16. All gases and most liquids and solids expand
with an increase in temperature and contract
with a decrease in temperature. (4)
17. In a liquid the motion of the molecules is
less rapid than in gases and cohesive forces
tend to hold the molecules closer together. (4)
18. The solubility of solutes is affected by heat,
pressure, and the nature of the solute and the
solvent. (4)
19. The ingredients of a solution are homogeneously
distributed through each other. (4)
20. Any substance soluble in two immiscible liquids
will distribute itself between the two in pro-
portion to its solubility in the two liquids
. (3) (4)
21. Suspended particles of colloids have a continuous,
erratic movement due to colloidal and molecular
impacts. (4)
22. Colloidal particles carry electrical charges. (4)
23. Colloids do not diffuse through membranes which
are permeable to molecular or ionic dispersions
.
(4)
24. Colloids have the property of absorption to an
unusual degree. (4)
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25 . Surface reactions predominate in colloidal
reactions. (4)
26. Keat, bases, acids and oppositely charged
particles cause colloids to precipitate. (4)
27. Liquids usually have greater specific heats
than solids. (4)
28. Boiling point and pressure. The boiling point
of a liquid varies according to the pressure
exerted upon it. (5)
29. Molar weights of non-volatile non-electrolytes
when dissolved in a definite weight of a given
solvent, under the same conditions, lower the
solvent's freezing point, elevate its boiling
point, reduce its vapor pressure, and elevate
its osmotic pressure equally for all such
solutes. (3) (4)
30. Boyle's law. At a constant temperature the
volume of a fixed mass of gas is inversely
proportional to the pressure. (4) (5)
31. Compression heats gases, resulting in increased
molecular motion and pressure. (4)
32. Charles' law. If a constant mass of gas is
kept under constant pressure while the tempe-
rature is changed, the volumes are directly
proportional to the absolute temperatures. (4) (5)
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33 • The solubility of a gas in an inert solvent at
a given temperature, varies practically directly
with the pressure to which the gas is subjected. (3)
34. Equal volumes of all gases under similar condi-
tions of temperature and pressure contain the
same number of molecules. (4)
35* A gram-molecular weight of all gases under similar
conditions of temperature and pressure always
occupies 22.4 liters. (4)
36. A gram-molecular volume of any gas contains
approximately 6.062 X lO 2 ^ molecules. (4)
37. The weight of gas which a given volume of inert
solvent will dissolve is directly proportional
to the pressure. (4)
38. The relative rates of diffusion of gases under
similar conditions are ' inversely proportional
to the square roots of the densities of the gases. (4)
39. In a gas the molecules have free and independent
motion, are relatively far apart, and by virtue
of their great velocity produce equal pressure
in all directions. (4)
40. The pressure exerted by each component in a gaseous
mixture is proportional to its concentration in the
mixture and the total pressure of the gas is equal
to the sum of those of its components. (4)
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41. For each gas there is a critical temperature
and a critical pressure. (4)
\
IV. Principles relating to Chemical Change.
«
1. The phenomena of life involve chemical change,
so that wherever living processes are being
carried on chemical changes are taking place;
chemical change may proceed without involving
life, however. (3) (5)
2. Elements and compounds produce physiological
s
effects to which the cells of living organisms
react specifically. (4)
3. The importance of any substance to the chemical
processes which take place in the animal organism
is independent of the relative amount in which
it is required. (3)
4. Enzymes, vitamins, and hormones are chemical
regulators of the reactions that occur in living
organisms. (4)
5. Chemical changes. The material forming one or
more substances, without ceasing to exist, may
be changed into one or more new and entirely
different substances. (3) (5)
6. When elements combine with each other, a substance
is formed having properties almost entirely dif-
ferent from those their constituents had as
..
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elementary substances.
7. Chemical changes always involve an accompanying
energy change. (4)
8. Analysis and synthesis. All matter is composed
of single elements or combinations of several
elements and can be analyzed by chemical processes
and divided into these units; or these units may
« -
be made to combine by chemical processes and
form other desired substances. (3) (5)
9. A pure chemical substance may be prepared from
raw materials through applications of their
physical and chemical properties. (3)
10 . Chemical reactions are brought about by combina-
tion, decomposition, displacement, exchange, and
molecular rearrangement. (4)
11 . Chemical reactions may be initiated or affected,
or both, by: heat, light, pressure, catalysts,
concentration, the electric current, surface
exposed, bacteria, hydrogen-ion concentration,
and mechanical disturbances. (4)
12 . The same reactants in chemical changes will always
produce the same products under the same condi-
tions. (3)
13. Chemical reactions go to completion when one of the
products is a gas, or is insoluble or non-ionizable
. (4)
(3)
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14. Heat of formation and heat of decomposition
are equivalent. (4)
15« Reactions occuring at ordinary temperatures
are predominantly exothermic; reactions re-
quiring high temperatures are predominantly
endothermic. (3)
16. When a chemical change takes place without
the addition of heat from an external source,
that substance' which has the greatest heat of
formation will tend to form. (4)
17. All chemical reactions which start with the
1
same quantities of original substances, and
end with the same final substances, liberate
the same amounts of heat or energy in other
forms, irrespective of the process by which
the final state is reached. (3) (4) (5)
13. Constant composition. Every sample of any
compound substance, formed or decomposed, is
always found to contain the same constituent
elements in the same proportions by weight.
(1) (2) (3) (4) (5)
19. Combination. The molecules or atoms of some sub-
stances, simple and compound, have the ability to
unite directly with the molecules or atoms of some
other substance and thus form an nev; substance. (5)
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20. Each element, with the exception of those that
are inert, has a definite combining weight. (4)
21. When different amounts of one element are found
in combination with a fixed weight of another
element (in a series of compounds) the different
amounts of the first element are related to each
other by ratios which may be expressed in small
whole numbers. (3) (4)
22. Combining weights. If the weights of elements
which combine with each other be called their
"combining weights", then elements always com-
bine either in the ratio of their combining
weights or of simple multiples of these weights. (5)
23. Multiple proportions. When an element combines
with another element to form two or more dif-
ferent compounds, the masses of one element that
unite with a fixed mass of the other element are
proportional to small whole numbers. (5)
24. At a definite temperature and pressure, gases
always unite in a definite ratio by volume and
this ratio may be expressed in small whole num-
bers. (3) (4) ( 5 )
25. If three elements combine together in pairs, then
the quantities of two elements that combine with
a fixed quantity of the other element bear a
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simple relation to the quantities of the first
two elements that combine with each other. (4)
26. Ordinary chemical reactions involve either a
transfer or a sharing of the outer electrons
of atoms. (4)
27* The tendency of atoms to complete their outer
shell by adding, losing, or sharing electrons
determines their chemical activity. (4)
28. Every element displays an attraction for other
elements (except certain inert ones whose outer
shells are complete) the strength of which varies
with the element. By virtue of this the element
combines with others or displaces others in com-
pounds. This force is known as valence. (2) (5)
29. The valence of atoms is associated with a loss,
gain or sharing of electrons. (3)
30. During a chemical reaction an element may lose
some of its planetary electrons and so gain
positive valence or become oxidized, while some
other element will combine with these electrons
and gain negative valence or be reduced. The
most frequently recurring reaction of this sort
is the union of oxygen with a variety of other
elements to form oxides with the liberation of
energy as heat. Such union takes place only
.*
•
• -
•
109
at a definite temperature known as the "kindling
point'.' (2) (3) (4) (5)
31* Oxidation and reduction occur simultaneously
and are quantitatively equal. (4)
32. Displacement. All elements have the power to
displace from compounds other elements that
have a weaker chemical affinity. (3) (5)
33 • Elements show varying chemical affinity in their
interactions with other elements because of the
differences in the structure of their atoms.. (3)
34. Metathesis. When two compounds, each of which
is composed of positive and negative radicals,
are brought together in solution, there is a
tendency for the positive radical of the one
to unite with the negative radical of the other,
thus forming two new substances. (5)
35 • The rates of chemical changes are determined by
the nature of the interacting substances and the
conditions of concentration, catalysis, tempera-
ture, pressure, state of division, amount of
radiation absorbed, and the nature of the solvent. (3)
36. Catalysis. (a) Many substances, called cataly-
tic agents, will speed up some chemical reac-
tions by their presence. (b) Many substances
will not react unless a suitable catalytic
*.
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agent is present, which aids the action in some
way and causes it to take place. (2) (3) (5)
37. Radiant energy and solution in water are active
in aiding chemical change or in its acceleration. ( 3)
38. Influence of heating. In every chemical change,
raising the temperature hastens the process. (3)
39« Light, especially sunlight, causes some chemical
changes to take place. (5)
40. The speed of chemical reaction is increased by
increasing the concentration of active mass of
any of the reagents; and is decreased by decreasing
the concentration of active mass of any of the
reagents. (3) (4) (5)
41. Size of particle. The speed of a reaction, in
general, varies directly as the size of the
reacting particles. (5)
42. Kindling temperature. Every oxidizable substance
has a kindling temperature at which combustion
begins. (5)
43. Decomposition. Some compound substances have the
ability, under certain conditions, to decompose
and form two or more different substances. (5)
44. The atoms of all radioactive elements are constantly
disintegrating by giving off various rays (alpha,
beta, and gamma) and are changing thereby into
isotopes of the element or into different elements. (2)
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45. Equilibrium exists in a chemical reaction when
the rates of two opposing reactions of a rever-
sible reaction are equal. (4)
46. If some stress is brought to bear upon a system
in equilibrium, a change occurs so that the
«
equilibrium is displaced in a direction which
tends to undo the effect of the stress. (4)
47. If stress is applied to a reversible system
in equilibrium, there will be a readjustment
in the system tending to relieve this stress. (3)
48. In reversible reactions, the products of the
reaction react with each other to form the
original reacting substances. (4)
49. When the temperature of reacting substances in
equilibrium is raised, the equilibrium point of
the reaction is changed so that those products
which absorb heat are increased in quantity, or
if the temperature of the reacting substances is
lowered, the products which evolve heat in their
reaction are increased in amounts. (4)
50. Electrolysis. When an electric current is passed
through a solution containing an electrolyte, the
current is carried through the solution by the
anions and cations to the anode and cathode, where
the ions lose their electric charges and are set
free, thus causing a decomposition to take place. ( 5 )
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51. ' Polymerization. The molecules of some substances
have the ability to unite and form a molecule of
a different substance. (5)
V. Principles pertaining to Metals and Inorganic Compounds.
1. Metals comprise a group of elements (other than
hydrogen) whose atoms have a tendency to lose
electrons readily and whose compounds when dis-
solved in polar solvents are capable of forming
positive ions. (4)
2. With the exception of chromium, molybdenum,
tungsten, and manganese, atoms with few elec-
trons in the outer circle are metals; those with
eight or nearly eight electrons are non-metals. (5)
5.
Metals tend to lose electrons readily whereas
non-metals tend to add electrons. (4)
4. Metals may be arranged in an activity series
according to their tendency to pass into ionic
form by losing electrons. (4)
5. Metals with loosely held electrons are good
conductors of electricity and heat. (4)
6. The properties of alloys are dependent upon the
relative amounts of their constituents and upon
the crystalline structure of the particles. (4)
7. Crystalline structure, heat treatment, and
impurities affect the properties of metals. (4)
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8. Orderly arrangement of atoms and ions in crystals
gives crystals regular form. (4)
9. Non-metals comprise a group of elements whose
atoms tend to gain electrons readily and whose
compounds, when dissolved in polar solvents, are
capable of forming negative ions. (4)
10. Non-metals may be arranged in an activity series
according to their tendency to pass into ionic
form by gaining electrons. (4)
11. Inorganic nomenclature. All inorganic compounds'
can be placed within three general groups os sub-
stances; acids, bases, and salts, because of a
similarity of molecular structure and of chemi-
cal properties exhibited by each group. There
may be more or less of overlapping between the
groups. (2) (5)
12. Electrolytes (acids, bases, and salts) when
dissolved in a polar solvent or heated to a
molten state, undergo dissociation into an
equal number of oppositely electrically charged
particles (called ions) capable of conducting
an electric current. (2) (3) (4) (5)
13. Acids and bases are substances which in water
solution ionize to give hydrogen or hydroxyl ions
respectively, from their constituent elements. (4)
.-
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14. The activity of an acid or a base is propor-
tional to the degree of ionization of the com-
pound when in solution or in the molten state. (4)
15« The nature and relative amount of the solvent,
the presence of other ions, temperature, and
light affect the degree of ionization. (4)
16. Simple ionic reactions are typically rapid re-
actions. (3)
17« Atoms become ions and ions become atoms, when
either gains or loses electrons. (4)
18. Positive and negative ions unite to form mole-
cules. (4)
19« In a saturated solution, the product of the
molar concentrations of the ions is constant. (4)
20. Whenever the product of the concentrations of any
two ions in a mixture exceeds the value of the
ion-product in a saturated solution of the com-
pound formed by their union, this compound will
be precipitated. (4)
21. Each specific ion has a specific test by which
it may be identified. (4)
22. Chemical changes between electrolytes in solution
take place more readily than do chemical changes
between non-electrolytes in solution. (4)
..
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23 • Atoms with incomplete inner shells give color
ions. (4)
24. During electrolysis, the electrolyte is perma-
nently decomposed, the cations moving to the
cathode where they gain electrons and become
atoms, and the anions moving to the anode where
they lose electrons and become atoms. (4) (2) (3)
25* During electrolysis, the amount of substances
removed by deposition on the electrodes or
released as a gas depends on the total quantity
of electricity used. (3) (4)
26. For the same quantity of current, the weight
of metal deposited or of the gas released is
equal to the atomic weight divided by the valence. (4)
27. In electrolysis and battery reactions, oxidation
occurs at the anode and reduction at the cathode. (3)
28. A stream of moving electrons constitutes a current
of electricity. (4)
29. Two unlike metals in an electrolyte so react as
to cause a flow of electrons. (4)
30. When any two metals are placed in an electrolyte,
they constitute a cell. (3)
31. Neutralization. When an acid and a base come
together, the acid-hydrogen of the acid and the
hydroxyl of the base have tendencies to unite and

form water, thus causing the mixture to lose
its acidic and basic properties. (2) (5)
32. The exchange of the negative and positive ions
of acids and bases results in the formation of
water and a salt. (4)
33* Salts of strong acids and strong bases undergo
slight hydrolysis while salts of weak acids
and weak bases undergo a more marked hydroly-
sis. (3) (4)
Principles of Organic Chemistry.
1. All organic substances contain carbon and when
decomposed by heat they leave a carbon-like
residue. (2) (3)
2. The properties of organic substances depend
upon the number and nature of the atoms in the
molecule, the linkages between the atoms, and
the arrangement of the atoms in sapce. (3)
3. Carbon valence and affinity. Because the car-
bon atom usually has a valence of four, and has
the ability to combine with other carbon atoms
by single, double, or triple bonds, as well as
to combine with atoms of other elements, its
compounds are theoretically innumerable. (5)
\.
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4. Carbon atoms have the unique property of being
able to form chain-molecules and ring-molecules. (4)
5- Organic classification. All organic compounds
can be divided into two large divisions called
the aliphatic and the aromatic series, because
the carbon atoms unite with one another in either
an open chain or a closed chain formation. (5)
6. Carbon atoms form a number of "type-groups" of
compounds which are determined by the elements
present and by the structural combinations of
the atoms within the molecule. (4)
7. Organic nomenclature. The name of every organic
compound is derived from the various type combi-
nations of atoms found in the molecule of the
substance. (5)
8. Molecules containing carbon atoms have the
property of combining with atoms of other elements
either directly or by substitution. (4)
9. Organic substitution. Organic compounds are,
as a rule, less stable than the inorganic com-
pounds, and, therefore, substitutions of one
element or group of elements for another in the
molecule can be accomplished fairly easily; or in
organic compounds, an atom or group of atoms in the
molecule, may be displaced by another atom or
group of atoms. (5)
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10 .
11 .
12 .
13.
14.
15.
16.
Organic solubility. The majority of organic
compounds require special solvents, and the
few that are soluble in water do not ionize. (5)
Saturated hydrocarbons are relatively inactive
chemically, but form compounds by substitution. (4)
Unsaturated hydrocarbons are very active chemi-
cally and form many compounds by addition and
substitution. (4)
The boiling points of hydrocarbons increase
with an increase in molecular weights. (4)
Alcohols have the properties of weak acids. (4)
Alcohols oxidize to aldehydes, ketones, and
acids. (4)
Alcohols react with acids to form esters and
ethers. (4)
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2.
The Master List of Physics Principles
I. The principles dealing with the conservation of
matter and energy.
1. The sun is the chief source of energy for the
earth. (1)
2. The kinetic energy of the molecules determines
the physica.1 states of matter. (l)
3. Chemical and physical changes are manifestations
of energy changes. (1)
4. Chemical changes are accompanied by energy
changes. (1)
5. All matter may change its state by absorbing
or releasing energy. (8)
6. The total mass of a quantity of matter is not
altered by any chemical changes occuring among
the materials composing it. (8)
7. Solids are liquefied and liquids. made into gases
by heat, and the amount of heat used in the
process is specific for each substance but
equals that given off in the reverse process. (2)
8. The weight of all substances resulting from
chemical change is exactly equal to the weight
• -*
.
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I
of the original substances plus the weight of
oxygen, or other material that has been combined
with them. (8)
9.
Natural processes tend to increase entropy and
thereby to decrease the availability of the
total energy in the universe. (8)
10. The law of conservation of energy.-- Energy can
be neither created nor destroyed; it can be changed
from one form to another with exact equivalence.
(1) (2) (8)
Corollary -- The energy put into a machine must
equal the work obtained from it (concept of horse-
power). Y»‘ork is measured by the weight times the
distance moved.
11. The work obtained from a machine never exceeds the
work put into it. (8)
12. The amount of heat developed in doing work is
proportional to the amount of mechanical energy
converted into heat energy. (8)
II. The principles underlying the problems of mechanics.
1. Machines are devices for accomplishing useful
transformations of energy. (1)
2. Any machine, no matter how complicated, may be
analyzed into a few simple types. (1)
.0
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3. One point is in motion with respect to another
point if the straight line joining the two points
is changing in length or direction. (8)
4. Whenever any material surface slides over another
surface, there is always friction (resistance to
motion), which always results in the transfor-
mation of energy and in the wearing away of some
of each surface. (8)
5. Friction -- Sliding friction is proportional to
the mass (weight) and independent of the area of
the surfaces. Rolling friction is inversely
proportional to the hardness and smoothness of
the surfaces in contact (hence the desirability
of lubrication). (2) (8)
6. Work is measured by the acting force times the
distance moved in the direction of the force. (8)
7« In a simple machine, if there is no friction,
force times distance equals weight times 'distance
and the relative speeds of motion of the force
and the weight are in direct proportion to the
relative distances through which they are moved. (8)
8. In the lever, the force times its distance from
the fulcrum equals the weight times its distance
from the fulcrum; friction neglected. (2) (8)
'.
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9 .
10 .
11 .
12 .
13 .
14 .
The force times the radius of the wheel equals
the weight times the radius of the axle; friction
neglected. (2) (8)
In geared wheels, the force times the number of
teeth in the power wheel equals the weight times
the number of teeth in the we ight wheel; friction-
neglected. (2) (8)
In the inclined plane, the weight times the height
of the plane equals the acting force times the
length of the plane, providing the force acts
parallel to the plane; friction neglected. (2) (8)
In a jackscrew, the force times the distance it
acts in one revolution of the screw equals the
load times the pitch; friction neglected. (2) (8)
In a combination of pulleys, the force times the
number of ropes supporting the movable pulley
equals the resistance moved; friction neglected. (2) (8)
Periods of pendulums swinging through short arcs
are independent of the mass of the pendulum,
inversely proportional to the square root of
the acceleration due to gravity, and are directly
proportional to the square root of their respec-
tive lengths. (8)
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III. The principles dealing with the action and interaction
of forces.
1. To every action there is an equal and opposite
reaction. (2) (8)
2. The law of parallel forces -- The resultant of
forces acting in opposite directions along the
same line is a force equal to their difference,
acting along the same line in the direction of
the greater. The resultant of two forces acting
along the same line in the same directions is
equal to their sum and is in the direction of
the forces. (2) (8)
3. Law of non-parallel forces -- When two forces
act upon the same object, the resultant is the
diagonal of a parallelogram whose sides repre-
sent the direction and magnitude of the two
forces. A single force represented by the
diagonal may be decomposed into two forces
represented by the sides of the parallelogram. (2) (8)
4. Any force acting upon a free body produces its
effect independent of all other forms which may
be present in conjunction with it. (8)
5. Within the limits of elasticity, the distortion
of an elastic body is proportional to the force
applied. (2) (8)
..
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6. As long as the amount of deformation is not too
great, an elastic body will always return to its
original size and shape after the forces causing
deformation have been removed. (8)
7. A body is in a state of equilibrium when the
algebraic sum of the forces acting upon it is
zero. (2)
8. A body is stable if its center lies above its
base. (2)
9. The amount of momentum possessed by an object
depends upon its weight and speed of motion. (8)
10. 7/hen a body is acted upon by a force, the change
in momentum of the body is proportional to the
force and the time it acts. (8)
11. The speed of a body moving in a straight line
with constant acceleration is equal to the
product of the acceleration and the time, the
body starting from rest. (2) (8)
12. All bodies fall with an acceleration due to
gravity, which is independent of the mass or
size of the body; air resistance neglected. (8)
13 • The distance traveled by a falling body is
equal to the average velocity times the time
of fall. (8)
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14. A body at rest or in uniform motion tends to
remain at rest or to continue in motion in a
straight line until some force acts upon it. (2) (8)
15. A change in the rate of motion, or direction of
motion of an object requires the application of
an external force. (1)
16. A body in rotation always tends to fly out in
a straight line which is tangent to the arc
of rotation. (8)
17. Centrifugal force is proportional to speed. (2)
18. A spinning body offers resistance to any force
which tends to change the direction of the axis
about which the body rotates.
IV. Miscellaneous principles needed in understanding
our universe, and our planet.
1. Gravitation is the attractive force which influences
or governs the movements of bodies. (1) (8)
2. Distances in space seem incredibly great when
compared to distances on earth. (1)
3. Any two bodies in the universe attract each other
with a force directly proportional to the product
of their masses and inversely proportional to the
square of the distance between their centers of
mass. (2) (8)
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4. Each planet moves in .such a way that its radius
vector sweeps over equal areas in equal times. ( 8 )
5. Units of time are defined by the earth's move-
ments in relation to the sun. ( 1 )
6 . The principal cause of wind and weather changes
is the unequal heating of different portions of
the earth's surface by the sun; thus all winds
are convection currents caused by unequal heating
of different portions of the earth's atmosphere,
and they blow from places of high atmospheric
pressure to places of low atmospheric pressure. ( 8 )
7 . Bodies of land heat up and cool off more readily
than bodies of water. ( 8 )
8 . Air has a tendency to move from a region of
higher pressure to one of lower pressure; the
greater the difference, the faster the movement. ( 8 )
9. Due to the rotation of the earth, in the northern
hemisphere all winds are deflected to the right,
and in the southern hemisphere they are deflected
to the left. ( 8 )
10. In moving air the wind pressure is proportional
to the square of the velocity. ( 8 )
11. Air pressure decreases with an increase in water
vapor content, or with an increase in temperature. ( 8 )
-
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12. The higher the temperature of the air, the
greater the amount of moisture required for
saturation. (8)
V. The principles explaining the behavior of fluids.
1. The gravitational attraction between the earth
and a mass of unconfined gas or liquid causes
the pressure of that gas or liquid. (1)
2. Gravity pressure — Pressure in a fluid in the
open is the weight of the fluid above the point
at which the pressure is talien. It therefore
varies as the depth and density of the liquid.
It is transmitted equally in all directions. (1) (2) (8)
3. Withing a given fluid the pressure increases as
the depth increases. (8)
4. The atmospheric pressure decreases as the
altitude increases. (8)
5. A body immersed or floating in a fluid is buoyed
up by a force equal to the weight of the fluid
displaced. (8)
6. Any body of liquid, because of the force of
gravity, will seek a position in which all
surfaces lie on the same horizontal plane. (8)
7. Pascal's law -- Pressure applied to an inclosed
fluid is transmitted equally in all directions and
is exerted perpendicularly to the inclosing surface.
(2) (8)
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8. Fluids have no elastic limit for compression.
All liquids are compressible, but only to a
slight degree. (8)
9. Boyle’s law — The volume of, an ideal gas varies
inversely as the pressure to which it is subjec-
ted, other conditions being constant. (2) (8)
10. If the same pressure is maintained, the volume
of a gas is varied directly as the absolute
temperature. (8)
11. Charles's law — The volume of a gas remaining
constant, the pressure is directly proportional
to the absolute temperature. (2)
12. Under the same conditions of temperature and
pressure equal volumes of all gases contain
equal numbers of molecules. (8)
13. When a mixture of gases is confined, each exerts
its own pressure without reference to the pressure
exerted by others. (8)
14. A gas always tends to expand throughout the
whole space available. (8)
15. Compressing a gas increases its pressure. (8)
16. Pressure exerted by a confined gas always in-
creases with the temperature and vice versa.
17. Heat is liberated when a gas is compressed,
and is absorbed when a gas expands. (8)
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18. Any gas, in order to be liquified must be at or
below a given temperature, characteristic of
the gas in question. (8)
19* Diffusible substances tend to scatter from the
point of greatest concentration and to make all
points of equal concentration. (8)
20. The rate of osmosis is directly proportional to
the difference in concentration on opposite sides
of the membrane. (2) '(8)
21. The speed of diffusion of gases varies directly
with the velocities of the molecules and in-
versely with the square roots of the densities.
( 2 ) ( 8 )
22. In a constricted area, the pressure decreases
as the velocity of flow increases. (8)
23. In a pipe of varying section the velocity of
flow is inversely proportional to the area of
the cross section. (8)
24. The free surface of a liquid contracts to the
least possible area producing surface tension.
If the adhesion of a liquid to a solid is greater
than the surface tension of the liquid, the liquid
wets the solid, and in tubes of the latter the
liquid will rise. The smaller the bore the
higher it rises. (2) (8)
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25* A liquid boils at a given temperature if the
pressure of its vapor at that temperature
balances the pressure to which the liquid is
subjected. (8)
26. The vapor pressure of a liquid is constant at
any given temperature, and increases with the
temperature. (8)
27. The rate ov vaporization decreases with the
increase of concentration of the vapor in the
gas in contact with the liquid; the temperature
remaining constant. (2) (8)
28. Every pure liquid has its own specific boiling
point and freezing point. The former is raised
by increase of pressure of the superincumbent
gas and by crystalloids in solution. The latter
is raised by increased pressure and lowered by
crystalloids in solution. (2) (8)
29. The boiling point of any pure liquid is raised
and the freezing point is lowered by an increase
in the pressure of the superincumbent gas. (8)
1
30. Any substance that will dissolve in water will
cause the resulting solution to boil at a higher
temperature and to freeze at a lower temperature
tham pure water. (8)
..
.
.
.
.
.
31. Freezing point depression and boiling point
elevation are proportional to the concentration
of the solution. (8)
32. The amount of substance dissolved depends on
the nature of the substance, of the solvent,
and increases with increasing temperature of
the solution. (2)
33« Solubility varies directly with the pressure;
i. e. with gases, the solubility of which is
not large, the weight of the gas dissolved by
the liquid is proportional to the partial
pressure. (8)
34. Substances which expand upon solidifying have
their melting points lowered by pressure; those
which contract upon solidifying have their
melting points raised by pressure. (8)
Principles dealing with radiant energy.
1. Certain forms of energy travel in waves.
Radiant energy travels through space in all
directions undiminished. (8)
2. Radiant energy travels in straight lines
through media of uniform density. (1) (8)
3. Light travels in straight lines in a medium of
uniform optical density. (2) (8) .
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4. The more nearly normal the rays of radiant
energy, the greater will be the number that
will fall upon a given area and the greater
will be the energy received by that area. (8)
5. The intensity of wave energy received by an
object is inversely proportional to the square
of its distance from the source of emanation. (2) (8)
6. When waves strike an object, anyone or more of
the following may happen to them, — they may
be absorbed, transmitted, or reflected. (8)
7« Whenever an opaque object intercepts rays of
radiant energy, a shadow is cast behind the
object. (8)
8. When matter or energy is reflected, the angle of
incidence is equal to the a.igle of reflection. (8)
9. The angle of incidence of light equals the
angle of reflection. (2) (8)
10. Light rays may be brought nearer together,
converged or focused, by convex lenses; di-
verged by concave lenses. (8)
11. All rays passing through the center of curvature
of a mirror are reflected upon themselves. (8)
12. An image appears to be as far back of a plane
mirror as the object is in front of the mirror;
it is the same size as the object but reversed. (8)
..
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13 .
14 .
15 .
16 .
17 .
18 .
If a beam of light falls upon an irregular
surface, the rays of light are scattered in
all directions. (8)
When v/aves pass obliquely from a rare to a
denser medium, they are bent or refracted
toward the normal; and when they pass ob-
liquely from a dense to a rare medium, they
are bent away from the normal. (2) (8)
The sine of the angle of incidence and the
sine of the angle of refraction bear a constant
ratio for any substance; which ratio is called
the index of refraction. (2) (8)
Ordinary light is made up of waves of many
different wave lengths, and each one is bent
or refracted to a different degree on passing
through a prism, so that the various colors
of which light is composed are spread out in a
band of colors known as the spectrum, the red
being the least refracted, the violet, the most.
The size of an image produced by a lens is to
the size of the object as their respective
distances from the lens. (8)
The sum of the reciprocals of the conjugate
focal lengths, (object distance plus image dis-
tance) of a lens equals the reciprocal of the
principal focal length. (8)
( 8 )
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19. The curvature of a wave front will be changed
a given amount by a lens, namely l/f. (8)
20. The spectrum of a gas or vapor rendered luminous
consists of separate bright lines, which corres-
pond to separate wave lengths, the intervening
wave lengths being entirely absent. (8)
21. The spectra of no two vapors are alike and the
presence of a gas can readily be detected by
the spectroscope. (8)
22. When light rays are absorbed, some of the light
energy is transformed into heat energy. (8)
23. Heat may be transferred by radiation, conduction,
or convection. The rate increases with the dif-
ference in temperature between the heated body
and the receiving body. In conduction the rate
depends also on the character of the conducting
body. In convection the rate is less rapid the
greater the viscosity of the circulating fluid.
The intensity of the heat is inversely propor-
tional to the distance to its source. (2) (8)
24. Most bodies expand on heating and contract on
cooling. The amount of expansion is directly
proportional to the increase in absolute tem-
perature; (2)
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25* ‘The average speed of the molecules of a given
material increases with temperature. (8)
26. Dark, rough, or unpolished surfaces adsorb
or radiate energy more rapidly than light,
smooth, or polished surfaces. (8)
27. The darker a surface is, the better it absorbs
light. (8)
28. Good absorbers of energy are good radiators,
while poor absorbers are poor radiators. (8)
29 • As heat tends to equalize temperature of all
places and objects with which it comes in
contact, there is a continuous transfer of
heat between bodies of different temperatures. (8)
30. The amount of heat which a body acquires when
its temperature rises a given amount is iden-
tical with the amount it gives off when its
temperature falls by the same amount. (8)
31. The rate at which a perfect radiator emits
radiant energy is proportional to the fourth
power of its absolute temperature. (8)
32. Sound is caused by ?/aves which are produced by
a vibrating substance and which can affect the
auditory nerve of the ear. (1)
Sound is produced by vibrating matter and is
transmitted by matter. (8)
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33* The velocity of sound in a gas varies inversely
as the square root of the density and directly
as the square root of the elasticity of the gas
in which it is transmitted, pressure and tempe-
rature remaining constant. (8)
34- • The intensity of sound varies inversely as the
square of the distance from the source. (2) (8)
The intensity of sound for a given pitch varies
directly as the square of the amplitude of the
vibrating source; density of the medium re-
maining
.
constant . (8)
35* The higher the pitch of a note, the more rapid
the vibrations of the producing body. Frequency
of the vibration of a string is inversely as its
length, radius, and the square root of its den-
sity, and directly as the square root of the
stretching force. (2) (8)
36. Harmonious musical intervals correspond to very
simple vibration ratios. (8)
37* Musical tones are produced when a vibrating body
sends out regular vibrations to the ear, while
only noises are produced when the vibrating
body sends out irregular vibrations to the ear. (8)
38. When a sounding body and the observer are moving
farther apart, the pitch is apparently lowered;
**
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when they are approaching the pitch is raised. (8)
39 • In sound reflection the angle of incidence
equals the angle of reflection.
VII. The principles concerned with the behavior of elec-
trons; magnetism, electricity, and radio.
1. Energy may appear to travel in \vaves. (7)
2. Radiant energy travels through space in all
directions. (7)
3. Electricity is a form of energy that results
from disturbing the position or the regular
pathd of electrons. (1)
4. All matter is probably electrical in structure .( 1)
The electrical and magnetic properties of a
substance depend in part upon its atomic
structure. (7)
5« Unlike magnetic poles attract, like repel, each
other. The force varies directly as the magnetic
strength, inversely as the square of the distance
between the poles. (2) (7) (8)
Like electrical charges repel and unlike elec-
trical charges attract. (7) (8)
6. Electrons will always flow from one point along
a conductor to another, under a difference of
potential, and this transfer releases energy.
(7) (8)
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An electric current may be produced in the
following ways: by rubbing or friction,
chemical action, the use of magnets, the
conversion of heat, or by electromagnetic
radiations. (7) (8)
a. The electric current in a battery runs
from the negative to the positive pole;
outside the battery from the positive
to the negative. (2)
b. In batteries the voltage varies with the
material and internal resistance. It
varies directly as the distance of the
plates and inversely as their area. (2)
c. Thermal electromotive force depends on
the difference in temperature of the
plates and the material of which they are
made
. ( 7 ) ( 8
)
The strength of an electric current varies
directly as the electromotive force that
produced it and inversely as the resistance. (2) (7) (8)
All materials offer some resistance to the
flow of electric current. (7) (8)
The resistance of an electric conductor is
directly proportional to its length and in-
versely proportional to the area os its cross-
.,
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section. It increases as its temperature rises
except in the case of carbon and electrolytes. (2) (7) (S)
10. The heat produced by an electric current is
directly proportional to the sa.uare of the
current, to the resistance, and to the time
of flow. (2) (7) (8)
11. An electrical charge in motion produces a mag-
netic field about the conductor, its direction
being the same as any circle drawn about the
conductor in a plane perpendicular to it. (7) (8)
The strength of the magnetic field produced
around a conductor varies directly as the
current flowing in the conductor. (7) (8)
12. T,7hen an electric conductor is moved so as to
cut the lines of force of a magnetic field,
an electric current is induced to flow through
the conductor in such a direction that its mag-
netic field opposes the motion of the magnet
that induced it. The electromotive force
developed is proportional to the number of
lines cut per second. (2) (7) (8)
a. ?/henever, from any cause, the number of
magnetic lines of force passing through a
closed conductor is changed, an electric
current is produced while the change is
in progress. (8)
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b. The magnitude of the electromotive force
induced in any circuit at a given instant
is proportional to the rate at which the
number of magnetic lines of force passing
through the circuit is being changed. (7) (8)
13« In a transformer the ratios between the voltages
in the primary and secondary are the same as
that between the number of turns. (2) (7) (8)
14. The capacity of a condenser depends upon the
area of the plates and the nature of the dielec-
tric and the distance between them. (7)
a. Condenser capacity varies directly with the
area of the plates, inversely as the square
of the thickness of the insulation plates. (2) (8)
b. The charge on a condenser is proportional
to the difference in potential between the
opposing surfaces. (8)
15. Condenser circuits are in resonance when of the
same oscillation frequency. (2)
16. Electron tubes, or crystals possessing a suf-
ficient degree of unidirectional conductivity
will serve as rectifiers of alternating current
or detectors of high frequency oscillations. (7) (8)
17. A gas may lose its insulating properties when under
low pressure or high voltage, or when ionized. (7) (8)
..
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18 . Electrical power is directly proportional to the
product of the electromotive force and current.
( 2 ) ( 7 ) ( 8 )
19 .
20 .
The mass of any substance set free by electroly-
sis is proportional to the current flowing, the
time of flow, and the electrochemical equiva-
lent. (8)
The natural composition of radio active elements
is not influenced by artificial physical condi-
tions. (7) (8)
t.
.
3. Key to Coding.
The organized principles were coded according to
the source from which they were taken. The code num-
ber is put in parentheses. The code and corresponding
sources are:
(1) Committee on the Teaching of Science, National
Society for the Study of education, A Program for Teach-
ing Science
,
Thirty-first Yearbook
, 1932, Part I
(2) Downing, Elliot R., Introduction to the Teach-
ing of Science .
(3) James, Edward W. , nThe Principles of Chemis-
try for Secondary Science Instruction.”
(4) Pruitt, Clarence Martin, "An Analysis, Eval-
uation, and Synthesis of Subject-Matter Concepts and
Generalizations in Chemistry."
(5) Sites, John Theodore, "Chemical Principles,
Concepts, and Technical Terms Used in Science Magazines.
(7) Brown, Kenneth, "A Study of the Understandings
in the Field of Electricity and Magnetism that are
Needed to Interpret the Common Experiences of Life."
•
(8) Edwards, Elmo, "The Selection of Principles
Suitable as Goals of Instruction in High School Physics.
The reference coded number six, (6), was not used.
For complete references, refer to the biblio-
graphy
.
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CHAPTER IV
RETROSPECTION
The relation of the study to the unit method .— In
his book, Fundamentals of Secondary-School Teaching ,
Billett makes the following statements: 1/
"Since educative growth is basically growth
in concepts and skills, it seems self-evident
that teachers can never promote the educative
growth of pupils most effectively until the fol-
lowing tasks have been performed as well as pos-
sible:
1. The identification of the concepts and skills
which are essential to, or consistent with, success-
ful, happy, and socially desirable behavior in a
democracy.
2. The analysis of each concept into its mean-
ings, insights, and concomitant skills; .
It is the attempt of this paper to compile a list
of concepts or principles which have been validated (by
other iaVi§tig&tors) as useful or necessary for the un-
derstanding of one T s environment. The principles have
been justified on the grounds that they are needed to
read scientific periodicals with understanding, they
are needed to read farm journals, they are needed as
the basis for the understanding of another principle,
they are needed for an understanding of the common ex-
1/ Roy 0. Billett, Fundamentals of Secondary-School
Teaching. Cambridge, Mass.: The Riverside Press, 1940.
p. 150.
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perienees of life, or they are needed or important
because of the word space devoted to their explana-
tion in textbooks.
Not ready-to-use material .— The question might
be asked, "for what specific course would these prin-
ciples be accepted as valid?". The answer is, of course
"none". This is as full a list as could be found, and
is not aimed at supplying objectives for any special
course. The teacher, himself, must determine what
principles he should teach, basing his selection on
the course for which they are meant. Certainly the
same principles would not be valid for all of the fol-
lowing courses: General Chemistry, College-Preparatory
Chemistry, Household Chemistry, and Industrial Chemis-
try. The teacher must set up his course objectives,
establish criteria, and then make his selection of
principles. Each selection should be justified in
terms of the course objectives.
1. The Problem Restated.
In order to provide a source study of valid prin-
ciples which can be used as objectives in a course in
High-School Chemistry or Physics, the writer has (1)
located the various sources of principles validated
by different investigators, (2) compiled all these lists
.'
.
.
,
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(3) telescoped the lislg into one master list, including
all the ideas contained in the separate lists, and (4)
organized this list according to good teaching sequence.
The writer did not consider it a part of the prob-
lem to cull out inappropriate principles or to add new
ones. All the principles listed by investigators who
were concerned with validating a group, were accepted.
2 . Results of the Study
The lists compiled by the precedure previously
outlined can be the basis for some worthwhile experi-
mentation in methods of teaching science.
Reference to widely-used textbooks reveals that
logical organization prevails, and it was found that
after these principles had been organized, they had
followed the same arrangement. This was especially
true in the case of Physics. Comparison of high-
school and college textbooks show that the organiza-
tion is identical; the high-school text being no more
than a watered-down version of its college relative. u
Sometimes the authors of the high-school and college
texts are one and the same.
1/ Comparq for example, the high-school text, Elementar
y
Practical Physics
,
by N.H. Black and H.N. Davis, (New
York: The Macmillan company, 1942) with the college
textbook, An Introductory Course in College Physics
,
by N.H. Black
,
(New York: The Macmillan Jo., 1941).
.i
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In the organization of the principles of chemistry,
the writer found that the following arrangement appear-
ed natural and good: The basis of all physical science
being, of course, matter and energy, and an understand-
ing of its conservation being fundamental to any course
in chemistry or physics, the principles related to mat-
ter and energy are listed first. Next appear the prin-
ciples delving into the analysis of matter, and the
component structures of atoms, molecules, and elements.
This leads to developing the properties and states
(physical) of matter, the laws governing the behavior
of the states, and the laws governing the change of
state. It now appears appropriate to delve into the
chemical structure of matter and the laws governing
chemical change. With this basis, it is now possible
to go into the study of metals and their part in the
composition of acids, bases, and salts, followed by
a smattering of organic chemistry.
Physics also begins with the conservation of
matter and energy. The final principles in this
group state that the work obtained from a machine
never exceeds 1h e work put into it, and the amount
of heat developed in doing work is proportional to
the amount of mechanical energy converted into heat
energy. This leads into a study of machines and the
i,
V ' .
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laws underlying mechanics, which in turn develops into
a study of the action and interaction of forces. The
guiding force of falling bodies, namely gravitation,
explains the nature and behavior of the universe, and
leads to the study of fluid pressure and, hence, into
fluids. Then radiant energy is treated as a whole and
likenesses are stressed, and finally the associated
behavior of electrons to produce magnetism, electricity
,
and power, and permit radio communication, is covered.
3. Conclusions
high-school courses in chemistry and physics are
much like their older brothers, the college courses in
the physical sciences. The logical arrangement (on
the basis of development from fundamentals or pre-
requisite knowledges) seems to be the best for these
courses. Much more experimental evidence is needed
to show the respective values of the traditional top-
ical method of organization and the newer psychologic-
al-unit method. To quote Downing again:y "... . The
best method /of organizing course_s7 will be that method
which educational science eventually determines to be
the best method for attaining the objectives
.
n
1/ Elliot R. Downing, Introduction to the Teaching of
Science . Chicago: The University of Chicago Press, p. 17.
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4. Further Research Needed
Other valuable studies can he made along the follow-
ing lines:
a. Validation of principles for placement in
specific courses.
b. Application of the validated lists to unit or-
ganization of science courses.
c. An organization of principles of biology.
d. A grouping of needed scientific vocabulary
under each concept or topic.
e. Validation of a list of specific objectives
for specific science courses.
f. An analysis of each concept into its meanings,
and concomitant sicills.
g. Experimental evidence on the value of the unit
method applied to science courses, after suitable
measurement instruments have been devised, to eval-
uate pupil growth in ability.
1.
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